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SOME GENETIC EFFECTS OF X-RAYS 
IN PLANTS* 


L. J. STADLER 


University of Missouri, Columbia, Ao. 


HIS paper summarizes the re- 

sults of a series of experiments 

on the genetic effects of N-rays, 
conducted at the University of Muis- 
sour! during the last four years. The 
experimental material has included va- 
rious plant species, chiefly barley (Hor- 
deum vulgare) and maize (Zea mays). 
Space will not permit the detailed pres- 
entation of experimental methods or 
data in this summary, but fuller ac- 
counts of the ‘individual experiments 
have been, or will ‘be, published sepa- 
rately. 


Mutation Induced by X-Rays and 
Radium 


The effects of X-ray and radium 
treatments on the frequency of muta- 
tion in barley were determined by the 
method illustrated in Figure 1. The 
treatments were applied to dormant or 
eerminating seeds, which were then 
planted at sufficient distance to permit 
the development of several tillers. The 
tillers develop from the axils of the 
lower leaves, and each terminates, as 
does the central culm, in a seed-bearing 
head. Since the primordia of the tillers 
are separate in the embryo at the time 
of treatment, a mutation occurring at 
this time affects only a single culm. 
(In much-tillered plants a secondary 
tiller often develops from = an_= earlier 
tiller, and a single mutation may affect 
both ). 

The occurrence of a mutation is de- 
tected by growing a_ seltf-fertilized 
progeny from each head. ‘The mutant 
character segregates in the progeny of 
a single head, and its absence in the 
progenies of other heads of the same 
plant shows that it has resulted from 





a genetic change occurring during the 
development of the plant treated. An- 
cestral hybridity, pollen contamination, 
or other complications could account 
for the segregation of an unexpected 
character in the progeny of a treated 
plant, but in any such case the charac- 
ter would segregate similarly in all 
head progenies of the plant (concerned. 

In the first series of experiments, in 
which about 2,800 head progenies from 
X-rayed and radium-treated plants were 
examined, 53 mutations were found. 
In the untreated control, including 
about 1,500 head progenies, no muta- 
tions were found. Of the 53 mutations 
48 were recognizable in the seedling 
stage. The methods of treatment and 
the mutant seedling characters have 
been reported elsewhere.* 

Since about 90 per cent of the muta- 
tions found could be recognized in the 
seedling stage, the use of seedling mu- 
tations alone as an index to mutation 
rate is feasible. This permits the de- 
termination of mutation rates on a 
large scale. Each head progeny may 
be examined for seedling segregation 
In a planting occupying about 15 square 
inches for a period of 10 days, and 
tests may be made in the greenhouse 
at any season of the year. The occur- 
rence of seedling mutations is, in fact, 
determined more accurately under these 
conditions than in the regular field 
plantings, since the less viable mutant 
types sometimes fail to emerge under 
field conditions. Seed remnants of all 
head progenies are saved and _ those 
from mutating plants are planted in the 
field for further study. 

sy this method quantitative studies 
of mutation rate may be made with 





*These experiments were supported in part by a grant from the National Research 
Council, Committee on Effects of Radiation on Living Organisms. 
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ordinary “visible” mutations. During 
the fall of 1928 seedling progenies were 
grown in the greenhouse from about 
20,000 head progenies. Only distinct 
and conspicuous’ seedling characters 
were counted as mutants, in order ta 
avoid fluctuation in the standard. About 


250 of these were found. The evidence 


discussed below on the relation of mu- 
tation rate to dormancy, temperature. 
dosage, etc., is derived from these 
experiments. 


The Induced Mutations 


The mutant seedling characters re- 
corded were chiefly chlorophyll abnor- 
malities. The predominance of this 
type of mutant is due in part to the 
method of study, since special ‘attention 
was given to characters showing clear- 
cut segregation 1n small progenies dur- 
ing the first few days after emergence. 
This method discriminates against any 
but the most extreme of morphological 
variations. A few clear-cut morpho- 
logical variants, however, are included. 

Of the total number of seedling mu- 

tants found, some 3800 in all, white 
seedlings made up about 60 per cent. 
Another 5 per cent were “‘virescent 
white’; that is, white seedlings which 
gradually develop green color. About 
15 per cent were yellow seedlings of 
rarious shades, of which about one- 
third were more or less virescent. In- 
termediate shades of greenish-yellow 
made up another 10 per cent, and the 
remaining 10 per cent included miscella- 
neous types suchas “striped”, “banded”, 
“fine - striped’, “‘green- striped”, ‘‘tar- 
nished’”’, “‘spotted”’, “tapering’’, spin- 
dling’, “shriveled”, etc. The mutants 
grouped as virescent whites, vellows, 
and greenish-vellows included many 
phenotypically distinct types. Presum- 
ably these as well as the white seed- 
lings included mutations at many dif- 
ferent loci. 

Most of the mutant seedling charac- 
ters are lethal and almost all are un- 
favorable to growth, as would be ex- 
pected in types conspicuously different 
from the normal. The striped seed- 
lings are fairly vigorous, and a few 
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TECHNIC IN DETERMINING MUTA- 
TION RATE IN BARLEY 
Figure 1 

A recessive mutation induced by irradia- 
tion of the seed makes one tiller of the re- 
sulting plant heterozygous. In the second 
generation the selfed progeny of this tiller 
segregates the mutant character. Some ot 
the normal plants of this progeny are heter- 
ozygous, and segregate the same mutant in 
the next generation. Since the primordia of 
the three heads are separate in the embryo 
at the time cf treatment, the other head pro- 
eenies of the treated plant are unaffected by 
the mutation. 


of the virescents develop almost nor- 
mally in later growth. 

Mutations having no conspicuous et- 
fect in the seedling stage but causing 
distinct variations in later development 
could have been detected in only about 
4,000 head progenies which have been 
erown to maturity. Seven of these 
were found, including three for “pale 
ereen,” two for “non-glaucous,” one for 
‘‘fine-stripe,” and one for ‘dormant,’ 
a type resembling winter barley in 
habit of growth. 











cy 
tw 
sti 
TI 
ple 
the 
tra 











Stadler : 





DIRECTLY-INDUCED STRIPING 
Figure 2 


A barley chimera resulting from a direct 
cytoplasmic effect of X-ray treatment. The 
two tillers on the right had broad yellow 
stripes, but the heads were entirely green. 
The progeny was unaffected. In a= similar 
plant in which a yellow stripe passed through 
the head, the seed of the striped 
transmitted the defect. 


sector 








Kffects of X-rays 5) 


Tests of almost all of the mutations 
found in the first series of experiments 
have been carried through one or more 
generations following that in which the 
mutant character first appeared. In all 
of these cases the head progeny segre- 
gating the mutant includes normal 
plants which segregate the same mu- 
tant in the next generation. The few 
mutants which reach maturity breed 
true. In the few cases tested by cross- 
Ing on untreated normal plants, the 
mutant characters are transmitted 
through the pollen, reappearing as _ re- 


cessive segregates in the Fs. of the 
hybrid. In other words, the genetic 


behavior is as would be expected on 
the assumption that the mutation is a 
change of a dominant gene to the cor- 
responding recessive in a somatic cell 
of a homozygous plant. 

In the original segregating head 
progeny the proportion of plants show- 
ing the mutant character is usually less 
than 25 per cent, and the ‘proportion 
of plants which are found heterozygous 
is less than 50 per cent. In later gen- 
erations the ratios are approximately 
normal. The probable reason is_ that 
only a part of the head is derived from 
the cell in which the mutation occurred. 


Not infrequently two different mu- 
tant characters segregate in the same 
head progeny. The frequency of such 
cases 1s greater than would be expected 
from chance coincidence. 


No clear case of a dominant mutation 
has vet appeared. All of the mutations 
tested beyond the first segregating gen- 
eration are unquestionably recessive. 
The remainder cannot be classified posi- 
tively without further test, but none of 
them has behaved as would be ex- 
pected of dominants. A dominant mu- 
tation should affect not only the prog- 
eny of the tiller concerned, but also the 
phenotype of the tiller itself. All of 
the treated plants, including many not 
yet tested for recessive mutation, were 
carefully examined for somatic varia- 
tions such as might result from the oc- 
currence of dominant mutations in the 
primordia of tillers. Among more than 
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CHIMERAS INDUCED BY X-RAYS 
Figures 3 and 4 
Two maize chimeras resulting from X-ray treatment of the mature seed. Both are 
purple plants heterozygous for the gene B b, and each has a sector of green tissue derived 
from a cell in which B was lost. The extent of such sectors indicates the amount of tissue 
which may be derived from a single cell in the embryo of the mature seed. 
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CHIMERAS PRODUCED BY IRRADIATION OF DEVELOPING EMBRYO 
Figures 5 and 6 
Two maize chimeras resulting from irradiation 6 days after pollination. Both plants were 
heterozygous for the gene G g, for golden plant color. The lighter colored areas in the 
figure are “golden,” and are derived from a cell in which G was lost. 
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23,000 treated plants only two varia- 
tions affecting seed-bearing culms were 
found. One of these was the plant 
pictured in Figure 2. Two of its tillers 
(on the same side of the plant) had 
distinct broad yellow stripes on the leaf 
blades and sheaths but not on the head. 
The progeny of these two tillers was 
entirely normal. The other plant had 
a sunilar yellow stripe on the upper 
sheaths and blades of the main stalk, 
heginning as a narrow line but broad- 
ening on the upper leaves and appear- 
ing on several spikelets of the head. 
The seed of these spikelets gave yellow, 
green, and sectorially yellow-and-green 
plants. Probably both cases resulted 
from some direct ‘cytoplasmic effect of 
the X-ray treatment. A third case was 
a plant with broad white stripes on two 
late tillers, which never headed and 
which therefore could not be genetic- 
ally tested. No other indication of 
dominant mutation has been found. 
From the tests already completed it 1s 
evident that the total number of reces- 
sive mutations from these plants will 
be over 1,000. 

The possibility 1s not excluded that 
the recessive condition resulting from 
X-ray treatment is merely the absence 
of the dominant gene; that is, that the 
mutation induced is simply the destruc- 
tion of a gene. But the outward ef- 
fects and genetic behavior of these mu- 
tations, so far as studied, are identical 
with those of “‘normal’’ recessive genes, 
and this conception may be applied 
equally well to “normal” recessive 
mutation. 

Tests of the genetic identity and 
linkage relations of several of the in- 
duced mutations have been undertaken 
by Prof. J. Stevenson, of the Uni- 
cersity of Minnesota, in connection with 
his studies of inheritance in_ barley. 
The material is technically rather difh- 
cult, and routine determination of the 
linkage relations of large numbers of 
mutant genes is not practicable. 


Induced Mutation In Maize 


In experiments in which detailed 
genetic study of the induced mutations 


generation. 


is desirable, maize is now being used, 
because of its advantages for genetic 
analysis. Mutations similar to those 
found in barley are induced in maize 
by X-ray treatment. Since maize is 
naturally cross-pollinated, the treated 
plants must be self-pollinated  arti- 
ficially, and it is therefore not so well 
suited as is barley to the determination 
of mutation rates on the extensive scale 
necessary in quantitative studies. 

The portion of the plant which will 
be affected by a mutation occurring 1n 
a single cell of a mature seed is not 
likely to include both the tassel and the 
‘ar, and consequently the mutations 1n- 
duced by treatment of mature seed 
usually do not segregate in the second 
A mutation affecting either 
the tassel or ear, but not both, results 
in the production of heterozygous 
plants in the second generation and 
segregation in the third. By using 
only tiller ears and_ pollinating each 
with pollen from the same tiller, the 
chance of a second generation segre- 
gation is increased. A more satis- 
factory method is to apply the treat- 
ment not to the mature seed, but to the 
voung embryo, at so early a stage that 
an induced mutation can affect the en- 
tire plant. 

The portion of the plant affected by 
mutations resulting from treatment of 
the embryo at various stages of de- 
velopment is shown in chimeras pro- 
duced by the treatment of embryos 
heterozygous for certain plant char- 


acters. The plants shown in figures 
> and + are from seeds X-rayed just 
be ‘fore planting. They are hetero- 


zygous for purple plant color, and each 
shows a sector of ereen tissue de- 
veloped from a cell in which a plant- 
color gene (B) was lost. The genetic 
nature of these cases is discussed in 
a later paragraph. The point of inter- 
est in the present connection is the ex- 
tent of the tissue which may be af- 
fected by a genetic change resulting 
from treatment at this stage of de- 
velopment. Several chimeras of this 
erown 
The affected tis- 


sort have occurred in cultures 
from X-raved seed. 
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ABERRANT PLANTS DUE TO IRRADIATION 


Figures 7 and 8 


A defective plant from a seed X-rayed at A japonica-striped maize plant from. the 
fertilization. The plant at the left is a nor- irradiation of an embryo heterozygous for J; 
mal plant of the same culture. Plants are = shortly after fertilization. The entire plant 
similarly affected by irradiation on the day is derived from a cell in which J was lost. 


after fertilization. 
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sue in these plants varies rather widely 
in extent. Plant 1252-27, pictured in 
igure 3, has the largest portion of 


tissue affected, while plant 1214-55 
(lkigure 4) has one of the smallest 


sectors observed. In the former plant, 
part of both the tassel and the ear are 
affected, while in the latter apparently 
no portion of either the tassel or the 
ear is included in the atfected sector. 
Ikven when treatments are applied as 
early as the sixth day after pollina- 
tion chimeras are produced. The 
plants shown in Figures 5 and 6 were 


produced in this way. In these two 
cases the gene responsible is G g, for 


golden plant color. Both plants have 
broad streaks of goiden tissue in both 
the main stalk and the tillers. None 
of the plants trom seed treated at this 
stage showed a recessive character af- 
fecting the entire plant. On the other 
hand, treatments applied on the first or 
second day after pollination have pro- 
duced no chimeras, but have given 
several plants entirely recessive for a 
character heterozygous in the — seed 
treated. One of these is shown in 
igure 8. 

In studies of induced mutation in 
maize the X-ray treatment 1s applied to 
seeds heterozygous for genes marking 
several or all of the chromosomes. 
These are treated in the field on the 
second day after pollination. The 
plants grown from these seeds are 
sclfed. The induced mutations thus 
segregate in a progeny segregating also 
for the chromosome markers, and link- 
age relations are roughly indicated in 


the generation in which the mutant 
characters first appear. So far as 


possible, genes for endosperm and seed- 
ling characters are used as chromosome 
markers, in order to permit the deter- 
mination of mutation frequency and 
linkage relations in seedling progenies. 


Rarity of Induced Mutation in Wheat 
and Oats 


Treatment of common wheat and 
oats by the methods described above 
for barley gives a very different result. 
The effect on the treated generation 1s 


similar, and the killing dose 1s not 
markedly different, but in the following 
generations there is little or no evi- 
dence of induced mutation. 

Common oats of the two cultivated 
species, dvena sativa and Avena byzan- 
fina were treated 1n several experiments. 
Selections of the varieties Kherson and 
Fulghum were used. The conditions of 
treatment varied somewhat in these ex- 
periments, but were such as would have 
vielded about 50 seedling mutations if 
apphed to barley on the same scale. 
Only one mutation was found in the 
oats, a White seedling segregation in 
IKherson oats treated as dormant seed. 

Common wheat (7 yriticwim vulgare ) 
Was treated on a scale which would 
have yielded about 40 mutations in 
barley. Harvest Queen, a winter wheat. 
and Marquis, a spring wheat. were 
used. No mutations were found. 

It is probable that the cause of the 
lower mutability of oats and wheat is 
gene reduplication, connected with their 
higher chromosome number. [ach of 
the genera Hordeum, Avena, and 
Triticum includes species with chromo- 
some numbers of 7°, 14%, and 21”, but 
the cultivated barleys belong to the 7” 
group in Hordeum, while the culti- 
vated oats and wheats belong to the 21” 
groups in Avena and Triticum. \Wheth- 
er the 21° condition has arisen by 
sunple chromosome redupheation or by 
some more complex process involving 
the combination of unlike but related 
sets of 7”, it is probable that most 
genes would be present in duplicate or 
triplicate in the haploid complement 
of 21 chromosomes. If a dominant 
gene .! were present in triplicate 44/1, 
recessive mutation of one | could have 
no visible effect. for the duplicate 
dominants would still be present to 
maintain the dominant condition. ‘The 
coincidental mutation of the three 
homologous genes would probably be 
so rare as to be negligible. .\) moder- 
ate rate of mutation might result from 
the presence of some genes i1n_ the 


aaA condition, as a result of previous 
mutations occurring in the course of 
the past evolution of the species. 
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RELATION OF MUTATION RATE TO INTENSITY OF IRRADIATION 
DORMANT SEED 
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MUTATION RATE PROPORTIONAL TO DOSAGE 


Figure 9 
Relation of mutation frequency to dosage. 


total intensity of the radiation applied, within the limits of sampling error. 


planation in text. 


[it this hypothesis 1s correct the spe- 
cies Of Avena and Triticum with 7 
pairs of chromosomes should mutate 
at rates comparable with those of com- 
mon barley. Tests of these species. 
well some of the 
are Now In progress.”* 


as cls 


14” species, 


Mutation Induced in Dormant Tissue 


It is well known that the physio- 
logical effects of N-rays are in general 
intensified in actively growing tissue. 
In attempting to induce mutation bv 
seed treatment with X-rays. experi- 
ments were made first with seeds 
everminating under optimum conditions. 
and the treatments were applied inter- 
nuttently in order to increase the num- 


*These tests have been completed and published. 


The rate of mutation is proportional to the 


Detailed ex- 


her of dividing cells exposed to treat- 
ment. But our present fragmentary 
knowledge of the nature of the vene 
gives us no reason to assume that the 
etfect of N-ravs on mutation would 
vary with the metabolic activity of the 


cell. It the gene is a constant entity 
and its mutation a chemical change 


energized by radiation, it might rea- 
sonably be expected to mutate under 
irradiation as readily in dormant as in 
active cells. A consistent difference 
in the rate of mutation found in cells 
at different levels of metabolism might 
serve as a clue to the physical nature 
of the mutation process. 

Dormant and germinating seeds of 
barley were given identical - X-ray 
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treatments in three experiments.” The 
dose was near the limiting intensity for 
verminating seed. Dormant seed are 
much more resistant to injury by ir- 
radiation and will withstand 15 to 20 
times as heavy a dose. 

The average rate of mutation in the 
plants treated as germinating seeds in 
these experiments was about four times 
as high as that in plants treated as 
dormant seeds. In each case the rate 
was determined from about 2500 head 
progenies, and the difference was un- 
questionably significant from the sta- 
tistical standpoint. The number of 
mutations found after irradiation § of 
the dormant seeds was large enough al- 
so to indicate positively that muta- 
tions were occurring at a rate signifi- 
cantly higher than that in untreated 
seeds. When the dose applied to dor- 
mant seeds was doubled the rate of 
mutation was approximately doubled 
also. The double dose applied to 
eerminating seeds was almost com- 
pletely lethal. 

Because of the greater tolerance 
of the dormant seed, it was possible 
to apply a dose 10 times the unit dose 
without appreciable injury to the 
plants. This resulted in an in'crease 
in the mutation rate roughly propor- 
tional to the increase in dosage. The 
mutation rate thus secured was more 
than double that which followed the 
irradiation of germinating seeds. In 
spite of the higher mutabilitv of germi- 
nating seeds, it 1s likely that the maxi- 
mum  sub-lethal dosage of dormant 
seeds will be much more effective in 
inducing mutation than that of germi- 
nating seeds. Their greater tolerance 
is more than enough to compensate for 
their lower rate of mutation. 

When seeds which have been irradi- 
ated while dormant were stored for 
two weeks before planting, the per- 
centage of mutations was not appreci- 
ably changed. The most heavily irra- 
diated seeds, though apparently unin- 
jured when planted immediately after 
treatment, decreased greatly in viability 
during the storage period. In seeds 
given lighter doses there was no notice- 


able loss during storage, either in ger- 
mination or in vigor of growth. 

Increased moisture content alone is 
not responsible for the increased muta- 
bility in germinating seeds. The “ger- 
minating seeds’ referred to above 
were seeds soaked in water for. 6 
hours and kept on moist blotters in 
covered dishes for 18 hours’ before 
treatment. When seeds were  irradi- 
ated immediately after the soaking 
period the mutation rate was not sig- 
nificantly higher than that in dormant 
seeds. 

By changing the length of the period 
of soaking, the moisture content ot 
the seed may be widely varied.  Identi- 
cal treatments were applied = immedi- 
ately after soaking to five lots of seed 
with moisture content of approximately 
15, 20, 25, 30, and 40 per cent. The 
rate of mutation was not appreciably 
affected. 

Temperature of the seeds during ir- 
radiation has no pronounced effect on 
the rate of induced mutation. Germi- 
nating seeds irradiated at 10°, 20 
30°, 40°, and 50° Centigrade showed 
no significant difference in mutation 
rate. The limits of sampling error in 
the experiment adnut the possibility of 
a sinall effect of temperature, but it is 
clear that the high temperature coeffi- 
cient characteristic of many bielogical 
reactions does not apply. Similar ex- 
periments with dormant seed gave the 
same result. 


Relation of Mutation Frequency to 
X-Ray Intensity and Wave-Length 

The radiation applied in the experi- 
ments summarized above varied in both 
intensity and wave length. In most 
cases the total intensity applied was 
well below the tolerance limit of the 
seed. The wave length range in al- 
most all cases was that of unfiltered 
radiation at voltages of 54 to 108 Kk. 
¥. F. 

To determine the relation of total 
intensity to mutation rate, dosage 
trials were made with both dormant 
and germinating seeds. Dosage was 


varied by changing the duration of the 
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treatment, other factors affecting radia- 
tion intensity being constant. (108 K. 
V.P., 4 m.a. tube current, 18 cm. tar- 
get distance, no filter). 

lifteen doses were compared in the 
trial with dormant seed, ranging from 
2 to 30 minutes. The heaviest dose 
had no appreciable effect on the via- 
bility of the seed or the vigor of the 
plants. Later trials showed that a 60- 
munute exposure under these conditions 
killed about one-half of the plants. 

The frequency of mutation in plants 
geiven these treatments is shown in 
Kigure 9. Mutation frequency — in- 
creased approximately in direct pro- 
portion to dosage. Considering all of 
the data the mean rate of mutation 
per minute of exposure was 0.18%. 
This determines the slope of the line 
in the graph. If mutation rate is pro- 
portional to dosage the mutation fre- 
quency from any dose should be indi- 
cated within the limits of sampling 
error by the slope of this line. The 
probable error of the expected muta- 
tion percentage for each dose in a pop- 
ulation of the size used is_ indicated 
by the vertical lines, and the mutation 


percentages actually found are = indi- 
cated by the vertical columns. For 
exainple, the expected mutation —per- 


centage for an exposure of 20 minutes, 
In a population of 375, is 3.6 + 0.7; 
the observed percentage is 2.7. As the 
graph shows, the actual mutation rates 
did not deviate from strict proportion- 
alitv. more than might reasonably be 
expected as a result of sampling fluc- 
tuations. 

The absence of mutation in the cul- 


tures given the three lowest doses 
might suggest the possibility of a 


threshold intensity below which mu- 
tations do not occur, but in other ex- 
periments with low dosage mutations 
have been found. In the experiments 
with temperature mentioned above, 
1270 progenies from seeds given an 
exposure of 108 seconds under the 
same conditions as in the dosage trials 


vielded + mutations, and 1005. pro- 
genies from a 216-second treatment 
vielded 7 mutations. These rates are 
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proportional to those found in_ the 
dosage trial. 

In the dosage trial with germinating 
seeds the range in exposure was from 
15 to 360 seconds. All exposures 
above 135 seconds reduced viability, 
but even at 360 seconds some plants 
produced seed. The relation of mu- 
tation rate to dosage was similar to 
that found in dormant seed. The 
mean rate of mutation per minute otf 
exposure was 1.17%, about 6° times 
that found in dormant seeds. 

X-ravs through a wide range ot 
wave lengths appear to be about equal 
In power to cause mutation, when 
applied in intensities equal in) power 
to ionize air. [qual intensities, as 
measured by ionization tests, were ap- 
plied to both dormant and germinating 
seed of barley at 40, 56, 81, 98, and 
116 W.V.P. Mutations were induced 
by all of the treatments, and the fre- 
quency of mutation did not differ sig- 


nificantly. Later, through the kind- 
ness of Dr. Gustav Bucky,’ of New 


York City, it was possibly to apply 
accurately measured doses of the ultra- 
soft N-rays, or “grenz rays,” emitted 
by the Bucky soft X-ray tube. Mu- 
tations were induced by this radiation, 
both at 10 K.V.P. and at 7 W.V-.P. 
At the latter setting no radiation of 
0 
wave length shorter than 1.76 A. is 
included in the emission spectrum. 


Effects of X-Rays on Chromosome 
Distribution 


In quantitative studies of the chro- 
mosomal effects of X-ray treatments 
the material chiefly used was mosaic 
endosperm of maize. A mosaic endo- 
sperm is an endosperm chimera in 
which a portion differs from the re- 
mainder in one or more characters, due 
to a genetic change occurring in early 
development. Emerson has shown that 


the phenomenon is due, in most cases 
at least. to a chromosomal disturbance, 
since linked genes are usually lost to- 
vether, while unlinked genes are not. 
Since the triploid endosperm nucleus 
contains two identical sets of chromo- 
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ENDOSPERM CHIMERA DUE TO CHROMOSOME IRREGULARITY 
Figure 10 


Mosaic endcsperm in maize produced by irradiation. In a 


linked genes C, Sh, and [I xr, 


somes from the female parent, the loss 
of a dominant gene of maternal origin 
has no visible effect. Mosaics occur 
only for characters recessive in the fe- 
male parent and dominant in the male. 
The cytological nature of the chromo- 
some aberration causing mosaic endo- 
sperm is unknown. 

Ficure 10 illustrates mosaic endo- 
sperm in a grain heterozvgous tor the 
linked genes C c, Sh sh, and ia we. 
About one-fourth of the grain 1s color: 
less, shrunken and waxy (c sh ws) 
while the remainder is colored, smooth, 
and starchy (C Sh Ila). At an early 
stage in endosperm development a 
chromosome or portion of a chromo- 
some carrying the three dominant 
eenes was lost or inactivated. and the 
tissue derived from the cell affected 


secd heterozygous for the 


a sector comprising one-fourth of the endosperm has lost the 
three dominant genes, and is ceclorless. shrunken and waxy (c sh wa). The 
chromosomal irregularly in early endosperm development. 


cause 4s a 


lacks the three characters dependent on 
the lost genes. 

Seven of the 10 maize chromosomes 
carry. genes permitting their identifi- 
cation in endosperm mosaics, but the 
(-Sh-Hox chromosome is the only one 
with more than one gene suitable for 
accurate work with mosaic endosperm. 
Mosaics of each ot the 7 chromo- 
somes have been observed in untreated 
material. Their frequency varies rath- 
er widely in different families grown 
under comparable conditions. There 
is also wide variation in the frequency 
of mosaics for different characters in 
the same ears For example, in 9 un- 
related families of -1 C r su, the aver- 
ace frequency of r mosaics was 0.59%, 
and that of sw mosaics 0.050 If the 
mosaics are due to losses of an entire 
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MOSAIC AND DEFECTIVE SEEDS 


Figure 12 


Figure 1! 


frequency Oi mosaic endosperm in 


N-rayved at the time of 


fertilization. 








Defective seeds from X-rayed pollen. Many 


of these seeds are germless. 


Was 


untreated. 


The seed parent 
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chromosome, this difference would in- 
dicate that one chromosome 1s_ lost 
much more readily than another. It 
seems likely, however, that mosaics are 
caused, in some cases if not in all, by 
the loss of only part of the chromo- 
some. In material heterozygous for C c 
and Il’7x wa, the majority of colorless 
mosaics are waxy, but sectors in which 
C has been lost without Wx are not 
uncommon, either in X-rayed or un- 
treated material. 

When an ear is X-rayed at about the 
time of fertilization a great increase in 
the frequency of mosaics occurs. Data 
have previously been published* show- 
ing a twentyfold increase in the mosaic 
‘ate, and larger increases occurred in 
some later experiments. The ear shown 
in Figure 11 illustrates the high fre- 
quency of mosaics in X-rayed ears. 
This ear was produced by the cross 
AAR Ree sh sh wr wx pr pr Su si 
xX AARRCC Sh Sh Wx We Pr 
Pr Su Su. Mosaics can show only for 
the paternal C-Sh-W.a and Pr chromo- 
somes and in half of the grains for the 
paternal Su chromosome. If the 30 
chromosomes present are being lost with 
an average frequency equal to that ot 
these three, the frequency of chromo- 
some loss was 12 times the frequency 
of the mosaics on this ear. 

In X-rayed ears with numerous mo- 
saics, aberrations involving unlinked 
eenes are occasionally found. In_ the 
ear shown in Figure 11 two grains ap- 
pear which are partly colorless-starchy 
and partly colored-sugary. Each of 
these resulted from a cell division in 
which one of the daughter cells lost C 
while the other lost Su. The frequency 
of such cases is probably no higher 
than would result from chance coinci- 
dence. though more extensive data 
would be desirable on this point. 

When treatment is delayed until the 
day after fertilization, the mosaic spots 
showing recessive characters are smaller 
and more numerous. When the same 
treatment is applied on the fifth day 
after fertilization, they are so small 
and numerous that the seeds appear 
stippled and the individual spots can- 


not be distinguished without magnifica- 
tion. ‘Treatments applied two weeks 
after fertilization have no visible effect 
on the endosperm. 

These treatments cause chromosome 
irregularities in the young embryo as 
well as in the young endosperm, as is 
evidenced in plants grown from seed 
of the X-rayed ears. Among. these 
there occur (1) plants normal in ap- 
pearance but with approximately 50 
per cent defective pollen, (2) distinctly 
defective plants, and (3) plants show- 
ing recessive characters for which the 
seeds treated were heterozygous. 

(1) Apparently normal plants with 
partially defective pollen are very fre- 
quent in these cultures. Usually about 
one-half of the pollen is defective. In 
most of the plants the defective pollen 
grains are empty, but in some they are 
partly filled with starch. In almost all 
cases the ovules of these plants are 
also partially defective, producing about 
one-half of a full set of seed distrib- 
uted at random over the ear. The af- 
fected plant, whether self-fertilized or 
crossed with a normal plant, yields a 
progeny of which about 50 per cent are 
similarly affected. Brink and Burnham! 
have analyzed a similar case occurring 
In untreated maize. From the genetic 
evidence they ascribe the phenomenon 
to chromosomal translocation. It is in- 
teresting in this connection that Muller 
and Painter have found translocation 
common in X-rayed Drosophila. 

(2) The defective plants are of vari- 
ous types, but are all distinctly inferior 
to the normal plants in vigor of growth. 
Some never reach the flowering stage. 
Those which do produce partially de- 
fective pollen and few seeds. One of 
the more vigorous of these plants is 
shown in Figure 7 in comparison with 
a normal plant of the same progeny. 

(3) In cultures heterozygous for cer- 
tain characters a few detective plants 
showing the recessive character have 


been found. The japonica-striped plant 


shown in Figure 8 was one of these. 
When treatment is delayed sectorial 
chimeras showing the recessive charac- 
ter in a portion of the plant are pro- 
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DEFECTIVE PLANT FROM X-RAYED 
POLLEN 


Figure 13 


A typical defective plant from seed of a 
normal plant pollinated by X-rayed pollen. 
The plant on the left is a normal plant ot 
the same culture. 


duced, as shown in Figures 3-6. The 
pollen in affected plants or sectors 1s 
partially defective. These plants appar- 


ently represent the loss or inactivation 
of a chromosome or section carrying 
the dominant allelomorph of the char- 
acter involved. Some characters are 
much more frequently lost in this man- 
ner than others. 

By a study of the chromosome com- 
plement of plants of this sort it may 
he possible to identify the visible chro- 
mosomes with specific linkage groups 
in maize. The induction of chimeras 
by X-ray treatment at various stages 
of development will be a useful method 
for the study of the developmental 
morphology of the plant. 

Dr. L. FF. Randolph has undertaken 
a cytological study of the effects of 
these treatments, and has found cyto- 
logical evidence of a chromosomal ir- 
regularity associated with semi-sterility 
and of chromosomal or sectional defi- 
ciency 1n many of the defective plants. 


Chromosomal effects of X-ravs are 


shown also in the results of pollen 
treatments. An ear of an_ untreated 
plant pollinated with heavily-treated 


pollen is shown in Figure 12. A con- 
siderable proportion of the seeds are 
distinctly defective. Many of these are 
germless. The viable seeds vield both 
normal and defective plants. A typical 
defective plant from treated pollen 1s 
shown in comparison with a normat 
plant of the same progeny in Figure 
13. .\mong the defective plants pro- 
duced by the use of X-rayed pollen 
Dr. Randolph has found several lack- 
ing an entire chromosome and_ others 
lacking a portion of a chromosome. 
experiments designed to identity gen- 
etically the chromosomes eliminated are 
now in progress. 


Induced Mutation in Plant Breeding 


The practical value of induced mu- 
tation in the improvement of crop 
plants has been much overrated, at least 
as regards immediate application. It 1s 
true that progress in plant breeding 1s 
dependent on the occurrence of germ- 
inal variation, and that the rapidity of 
sverminal change may be greatly in- 
creased by X-ray treatment. but it 
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does not follow that increasing the fre- 
quency of mutation a hundredfold will 
expedite the progress of plant 1mprove- 
ment in proportion. In spite of the 
rarity of mutation under natural con- 
ditions, a great wealth of germinal 
variation is now available in every crop 
plant species. This is the result of the 
natural mutation of the past, on so vast 
a scale as to dwarf the most elaborate 
experiment. The genes which have sur- 
vived in the varieties of today are those 
which have stood the rigorous test of 
natural selection. All of these are 
available to the breeder. By hybridiza- 
tion according to principles now well 
understood, they may be brought into 
almost any desired combination. 

The variations resulting from induced 
mutation are in most cases untavorable. 
Probably this is true of mutations oc- 
curring naturally as well, and it 1s 
reasonable to expect that among. arti- 
ficially induced mutations a small pro- 
portion of favorable variations will be 
found. But the rare favorable muta- 
tion is likely to be accompanied by 
unfavorable mutations induced by the 
same treatment. The result is a plant 
heterozygous for several genes, mostly 
undesirable. From this heterozygote a 
desirable combination may be extracted. 
but in most cases a_ heterozygote ot 
greater promise could be produced by 
well-directed hybridization. 

lf the mutations induced by X-rays 
are qualitatively identical with those oc- 
curring naturally, there is little chance 
of producing experimentally variations 
which have not already occurred in 
nature. Characters of value in breeding 
are more likely to be found in_ the 
varietal collection than in the progeny 
of N-rayed plants, and here they will 
occur without the many undesirable 
gene mutations and chromosome aber- 
rations characteristic of the X-ray prog- 
enies. If mutations could be induced 
selectively the outlook for practical ap- 
plication would be much brighter, but 
the evidence thus far gives no indica- 
tion of selective action. A more thor- 
ough study of this possibility is needed. 

There are, however, certain special 


cases in which induced mutation, eveu 
in the present state of knowledge, offers 
a fair possibility of successful applica- 
tion. These are in general cases in 
which hybridization is not feasible or 
In which a character dependent on a 
single gene-change is particularly im- 
portant. Two examples will serve for 
illustration. 

Modern corn breeding employs. al- 
most exclusively the technic of “‘selec- 
tion in self-fertilized lines”. By con- 
tinuous selection through several gen- 
erations of inbreeding, as much as pos- 
sible of the best germ-plasm is concen- 
trated in a few inbred. strains, which 
are later to be used in the production 
of vigorous first-generation hybrids. 
Of the thousands of inbred strains 
which have been produced in this way. 
a few represent extremely valuable 
gene-complexes. Their further improve- 
ment is difheult, for as inbreeding pro- 
ceeds they approach complete homozv- 
gosity and offer little opportunity for 
selection. If new variation could be 
introduced by induced mutation, even 
though most of the variations were un- 
favorable, some further improvement 
by selection might be possible. In co- 
operation with Dr. J. R. Holbert and 
Dr. J. G. Dickson, of the United States 
Department of Agriculture, a study 1s 
now being made of the effects of in- 
duced mutation on variability in two 
exceptionally good inbred strains of 
COT. 

Another promising application of in- 
duced mutation is in the breeding oft 
the tree fruits. The established fruit 
varieties are complex heterozygotes 
maintained by vegetative propagation. 
Most of them originated as chance 
seedlings of unknown parentage. Under 
seed propagation the type is lost at 
once. For this reason and because of 
the long reproductive cycle, controlled 
hybridization is under a great disad- 
vantage in the breeding of these plants. 
The selection of bud variations is a 
much simpler method of improvement. 
for a desirable variation may be propa- 
eated at once by grafting. A few im- 
portant varieties have originated in this 
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way, but somatic mutation is too rare induced mutations may result in’ bud 
in most fruit species to provide mate- variations of breeding value. In co- 
rial tor the systematic application of operation with Dr. A. E. Murneek, of 
this method. Some of the characters the University of Missouri, a study is 
determining fruit quality are known being made of the effects of X-ray 
to be dependent on single gene-differ- treatment on bud variations in_ the 
ences, and it seems not unlikely that apple. 
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“PARTED PARIETALS” IN MICE 


A Dominant Hereditary Character of the House Mouse, Mus musculus 


CrypE KE. KEELER 
Bissey) Institution, Forest Hills, Mass. 


N the vear 1924 many 

skulls of house mice 

from different labora- 
tory stocks were collected 
and cleaned for studies 
of cranial differences ex- 
isting between distinct 
strains and also for in- 
vestigation of the asym- 
metry caused by early 
removal of one eve (un- 
published results ). 

It was discovered that 
in many mice belonging 
to my redless strain the 
median suture separat- 
ing the parietal bones 
Was spread apart in an 








unusual fashion ( Figure “PARTED PARIETALS” AND NORMAL 
14). This cranial varia- _ Figure 14 
tion seems to be asso- At left is a skull with “parted parietal,” an aperture in the 


; . median suture, between the eves, through which a blood vessel 
ciated with the presence ain te 2 ok . 

. passes. In the normal mouse skull (right) the aperture and 
of a blood vessel, piere- the blood vessel are lacking. 
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INHERITANCE OF PARTED PARIETALS 
Figure 15 
Chart showing relationships of 100 individuals. ‘Parted parietals” appears to be a simple 


dominant to normal skull. 


ing the skull at an angle, passes to the 
exterior between these bones. In other 
mdividuals both spread suture and ves- 
sel are lacking. 


Matings had been made both among 
these rodless mice inter se and also 
with unrelated mice lacking the “parted 
parietals.” The skulls from = offspring 
of several generations following these 
crosses were cleaned and examined. 
I'rom the data in hand a pedigree chart 
has been prepared (Figure 15) showing 
the genetic relationship and inheritance 
of “parted parietals’” among one hun- 
dred individuals. 

In Figure 15 squares represent males, 
circles females. Blackened symbols in- 


dicate affected mice. Normals are rep- 
resented by hollow symbols. Hollow 
symbols bearing question marks denote 
individuals the skulls of which have 
not been examined. 

‘“Parted parietals” is not associated 
with sex because the trait appears with 
equal frequency in both sexes. It is 
apparently inherited as a dominant unit 
character because (1) offspring of two 
affected parents are not all affected, 
(2) offspring of an affected parent and 
a normal of unrelated strain not bear- 
ing “parted parietals’”’ may be all af- 
fected, some affected, or none atfected. 
Only the last-named condition would 
be compatible with behavior as a re- 
cessive character. 


wy 


Population of U. S. 


Hl population of the continental 

United States, as of July 1, 

1928, according to the estimate 
of the National Bureau of Economic 
Research, made public through the re- 
lease of advance figures taken from a 
copyrighted statement issued by the 
National Bureau, was 119,306,000, or 
a growth since the same date ten years 
ago of 14,299,000. 


These figures are embodied in a 500- 


Nearly 120 Million 


page report which the National Bureau 
will publish within a few days, entitled 
The National Income and Its Purchas- 
ine Power, and are revealed in a com- 
prehensive tabulation of the number of 
persons in this country who are gain- 
fully emploved, making those who earn 
money in the form of salaries or wages, 
or those whose incomes are derived 
from the conduct of enterprises which 
they personally control. 
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THE ASSOCIATION OF COMB AND CREST 
CHARACTERS IN THE DOMESTIC FOWL 


MORLEY 
Senior Poultry Husbandman, U 


IeVIERAIL investigators, in crosses 

involving the Silkie and other 

breeds of domestic fowls, have ob- 
served a peculiar form of rose comb 
associated with the development of a 
crest. The peculiarity in the form of 
the rose comb consists in its. relative 
bluntness posteriorly and in the pres- 
ence of two or more points in contrast 
to a single posterior spike, characteris- 
tic of normal rose combs 1n- such 
breeds as Rose-Comb leghorns, [lam- 
burgs, and Wvandottes. The ls prog- 
eny from the matings mentioned above 
for the most part may be divided into 
two groups, crested birds with rose 
combs having multiple points and non- 
crested birds with rose combs having 
a spike. 

Such an association between comb 
and the presence of crest was observed 
by Cunningham? and Bonhote.- The 
shortening or truncated condition of the 
comb was suggested by Punnett® to be 
due to the presence of the crest and 
the multiple-point condition due to a 
moditving factor. More recentiv, Dunn 
and Jull* observed that in the F. prog- 
eny from Silkiex<Single-Comb \Wohite 
l.eghorn matings nearly all of the rose- 
comb, nonecrested birds had normal 
shaped rose combs with the character- 
istic spike. A few exceptions, however, 
mnade it doubtful whether the association 
was complete. Consequently, it became 
necessary to determine whether the as- 
sociation is due to linkage, organic 
correlation, or to two effects of the 
same gene. Further matings to deter- 
mine which of the three alternatives 
produces the result were undertaken at 
the UL. S. Animal Husbandry Experi- 
ment Farm, Beltsville. Maryland. The 
results of these matings are reported 
in this paper. 


A. JULL 


S. Department of lgriculture 


The different types of combs involved 
in this study of the association of com) 
and crest characters include the Silkic 
type of rose comb, the type of rose 
comb normally found in the rose comb 
Leghorn varieties, the tvpe of single 
comb normally found in_ single-comb 
Leghorn varieties and in’ Plymouth 
Rocks, the type of single comb with 
a distinct lop, and the type of single 
comb with side-sprigs. 

The Silkie type of rose comb is dis- 
tinctly different from the type of rose 
comb in rose-comb Leghorns. Dunnt 
described the Silkie type of comb as 
follows: 

The comb of the Silkie is fleshier in the 
anterior parts, is shorter, and: ends rather 
bluntly posteriorly in two or more points 
or papillae, whereas the ordinary rose comb 
is longer and is characterized by a_ single 
long posterior spike or point. Bateson 
(1909) describes the silkie comb as_ rose 
plus trifid element, but I am inclined to 
agree with Cunningham (1912) that the 
more important characteristic of the Silkie 
comb is its abbreviation and bluntness, the 
more so since it is not regularly trifid but 
may show from two to four or occasionally 
more posterior points. 


The type of rose comb in rose-comb 
Leghorns 1s rather small and relatively 
slender from front to rear, is covered 
with numerous small papillae and ends in 
a prominent spike. (See Figure 16, D.) 

The type of single comb as found in 
single-comb Leghorns and in Plymouth 
Rocks has a base surmounted by well- 
defined serrations and there is a blade 
at the rear of the comb. (See Figure 
17,L.) When a crest is present the 
single comb frequently is lopped to one 
side. (See Figure 16,G and Figure 
17, K.) In other cases when a crest is 
preesnt the single comb has side-sprigs, 
usually at the rear of the comb. (See 
Figure 16,/ and Figure 17, J.) 


Since there are several types of 
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combs involved, it seems desirable to 
adopt a simple terminology to provide 
for a ready description and _ classifica- 
tion of the various types of combs in 


The terms crested and 


noncrested 
used to denote, respectively, the pres- 
ence of absence of a crest. 

The complete results of all matings 


are 


their relation to the presence or ab- are given in Table 1. 

sence of a crest. With this in mind The  spiked-rose comb, noncrested 
terms have been adopted which are male used in matings 4A, PB, and C is 
self-explanatory. Rose combs with a an extracted type inasmuch as he was 


single posterior spike are called spiked- 
rose; those with two or more posterior 
points are called multiple-rose. Single 
combs are classified according to whether 
they are lopped or have side-sprigs or 
are both lopped and have side-sprigs. 


out of a White Plymouth female mated 
to a hybrid male out of a mating be- 
tween a Silkie male and White [Lee- 
horn female. The matings used to pro- 
duce the male used in matings .1, 7, 
and C, are illustrated thus: 


Silkie ¢ RR Cr Cr & Leghorn Q@ ror er er 


EF; Rr Cr er 
Back-cross—R r Cr cr & White Pl. Rock 92 ¢r r cr cr 


Progeny—l1 Rr Crer:l Rrerer:tlrer Cr er:l rr er er 
The male used in Mating 4 belonged to the Wr cr cr class 


Mating A 


Spiked-rose, noncrested ¢ &* Spiked-rose, nonerested @ 
x PY Cr er MM K€ CF 
Progeny expected— 3 Wo er: lor er 
Preeeny observed—97 ig 








In this mating one male was de- 
scribed as multiple-rose, noncrested (see 
Table 1), but was probably a = spiked- 
rose noncrested, as were all the other 
rose-comb birds. 

The ratio of 97:17 is considerably 
out of proportion to a 3:1 ratio ex- 
pected. Upon examination of the prog- 
eny of the individual matings it 1s 
found that female No. 868 produced 25 
rose combs, and no single combs in 
1927, and 15 rose combs and no single 
combs in 1928. All other females pro- 


male No. S68 was obviously homozygous 
for rose comb. Subtracting the 388 rose 
combs produced by No. 868 from the 
total of 97, leaves 59 rose combs pro- 
duced by the male and females, all of 
which were heterozygous for rose comb. 
A proportion of 59:17 approximates the 
expected ratio of 3:1. 

The results of this mating show that 
the extracted tvpe of rose-comb breeds 
true iter se. which makes it appear 
that the Silkie type of comb and_ the 
crest are produced by a common gene. 


duced both rose and single combs. Fe- 
Mating B 
Spiked-rose, noncrested ¢@ single, noncrested @ 
Rrerer rrerer 
Progeny expected— 1 FR cr: lor er 
Progeny observed—&3 4% 


In this mating the 88 FR cr birds were 
all of the spiked-rose, noncrested type, 
while the 48 r cr were all free from 
side-sprigs. There were 4 birds classi- 
fied as multiple-rose, noncrested (see 


Table 1), but this was apparently an 


error, because spiked-rose combs only 
are to be expected among the rose 
combs, judging by the results secured 
in matings 4 and C. Just why there 
should be such a high proportion of 
rose-com)h birds in mating PB is unex- 
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plained, because upon examination ol 
the individual matings it is observed all 
of the females were heterozygous for 
rose comb, with the possible exception + 
of one female that produced only one the multiple-point condition of the rose 
rose-comb progeny. comb. The results in these matings 

In matings 4 and J, in a total popu- show that the extracted rose comb is 
lation of 250 birds, there were but 5 of the usual type of rose comb in the 
apparent exceptions, which were prob- absence of a crest. The Silkie fowl, 
ably spiked-rose, noncrested instead of therefore, has the gene for spiked-rose 
multiple-rose, noncrested as designated. comb as found in rose-comb Leghorns 


No spiked-rose, crested birds appeared, 
so that there is almost complete corre- 
lation between the presence of crest and 


TABLE I—Showing the results to test the evidence of association between comb form and presence 
or absence of crest 
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= -  ¢ a sc | Bf 7 72 | + 
ae FE | FS | 4E | AS | HE | Ho aan 
| Spiked-rose | Spiked-rose | oe 
| non-crested | non-crested | 48 () ” () 7 QO | 192; 
A / 49 () () () 10 0 | 1928 
| CL nT. ee A Md 
Total 97 0 - | 0) 17 0) 
: —— (= [——= = |§ —S=-_sgXKSK—>— rr | | - 
Single | | | | 
B “" | non-crested| — 83 () “| 0 48 0 | 1928 
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Single — 7 ie . 
crested | 30 oY <” | 45 44 33 | 192; 
Cc } + ‘“ “ ‘“ | 24 0 | 0 | 32 33 29° | 1928 
| ee —— _ a: | cena —— ———— ed 
| - | | | ; , | 
Potal | OOF | 2 | 2e* | FF | AS | 02 | 
_ Mult.-rose | Spiked-rose | | | | 
1) _ crested | non-crested| — 80 | 0) 3** | O91 |; 33 | 2&2 1927 
| | Single | | | | 
ke | . | non-crested | 24 0 () | 21 | 14 | 10 1927 
- | 








*Probably spiked-rose, noncrested. 
*Probably multiple-rose, crested. 
*Probably spiked-rose noncrested or multiple-rose, crested. 


Occasionally a bird was encountered whose type of comb it was rather difficult to place. For 
instance, there were rose-comb birds that seemed to have a spike and additional points as well as a 
crest and thus at first glance might be classified as spiked-rose, crested. The critical point of deter- 
mination, however, is the fact that in the presence of a crest the shape of the rose comb is different 
from that found in Rose-Comb Brown Leghorns. See Fig. 16, Ff. There were other cases even 
more difficult to classify: those apparently without crests but with two or more points at the rear ot 
the comb, none of which could apparently be designated as a spike. There were 12 apparent exceptions 
to expectations as shown in Table 1, and these were disposed of before their reexamination was_ pos- 
sible. In view of the relatively small number of exceptions it seems probable that the 2 birds in mating 
C designated as “spiked-rose, crested’ were spiked-rose, noncrested and that the other 10 exceptions 
in matings A, B, C, and D designated as “‘Multiple-rose, noncrested” were multiple-rose, crested or 
spiked-rose, noncrested. 


In those cases where similar matings were made both in 1927 and 1928, the results for each year 
are given separately for the sake of comparison. The results are discussed under the heading of each 
mating Since rose is dominant to single and since crested is dominant to noncrested the respective 
symbols used are: R=rose, r=single, C=crested, and cr=noncrested. 


Male No. 8976 was used in matings A, B, and C, and male No. 8973 was used in matings 
D. and E. 























COMB AND CREST TYPES 
Figure 16 


<1, single, noncrested female; 2B, multiple-rose, crested (Male No. 8973 in context) : 
(, wrinkled-s:ingle, noncrested female; ), spiked-rose, noncrested (Male No. 8976 in context) ; 
/:, and /’, multiple-rose, crested males: G, wrinkled-single, crested male: the comb being 
without sidesprigs; AH, single. noncrested male: /, wrinkled-single, crested male, the comb 
having sidesprigs. The presence of the crest produces a peculiar type of rose comb, with 
multiple spikes, instead of a single spike, at the posterior end. 

















¢ 





PARENT AND PROGENY IN CRESTED-NONCRESTED MATING 
Figure 17 
KK. wrinkled-single. crested. the comb having sidesprigs (male used in Mating /- mated 
to Rhode Island Red females with single combs and noncrested). Others in this figure are 
the progeny of this mating. J, P, and Q, wrinkled, crested males, the first two having side- 
sprigs, the last one none: L/L. and .V. straight. noncrested male and female, respectively ; 
Veand O, wrinkled-crested females; A. wrinkled, noncrested male. 
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Mating C 


Spiked-rose, noncrested ¢ single, crested @ 


KRrerer <M err Cr er 





Progeny expected— 1 R Cr: 1 R er: 1 r Cr: 1 ¢r er 
Progeny observed—77 600 62 77 


The 77 R Cr birds all had multiple 
points characteristic of the Silkie comb, 
while the 60 FR cr birds all had the 
single spike characteristic of the Rose- 
Comb Brown Leghorn, except that 11 
of them possessed side-sprigs. 

In this mating in a total ot 280 birds 
there were + apparent exceptions, 2 
classified as “spiked-rose, crested,” and 
2 as “multiple-rose, noncrested,” though 
these probably represent errors in de- 
scription as explained in Table 1. Ad- 
ditional evidence in support of the sug- 
eestion that the apparent exceptions 
were wrongly described is that in the 
1928 mating there were no exceptions. 


Also in 1928 the progeny of all mat- 
ings made that year were gone over 
carefully for the purpose of selecting 
birds to be photographed in order to 
show all tvpes of comb and crest devel- 
opment and no spiked-rose, crested or 


multiple-rose, noncrested birds were 
observed. 
The results of mating C show that 


Whenever rose type of comb and crest 
occur together, even when rose is in- 
troduced by one parent and crest by 
the other, probably all rose-comb, crested 
progeny have multiple points and prob- 
ably all rose-comb, nonerested progeny 
have spikes. 


Mating D 


\Multiple-rose, crested 4 


« spiked-rose, noncrested 


RrCrerX Rr er cr 


Progeny expected— 3 R Cr: lr Cr: lrer: 


3 R cr 


Progeny observed—91 -2/ 33 ‘SO 


There were 3 possible exceptions 
(see Table 1). but as in other cases 
the individuals had been disposed of 
before they could be reexamined. Here 


again there was no evidence of spiked- 


rose comb birds having crests, since all 
ot K «(Fr 


crested and the 80 Pv cr were all spiked- 


birds were multiple-rose, 


rose. noncrested. 


Mating E 
Multiple-rose, crested ¢ % single. noncrested Q 
RrCrerX rr cr er 
Progeny expected—- 1 RK Cr: lr Cr: lrer: 1 Ror 
Pregeny observed—21 10 :14 :24 


The 21 R Cr birds were all multiple- 
rose, crested: the 24 FR cr birds were 
all spiked-rose, noncrested, although 2 
had side-sprigs. Among the crested 
birds there were 21 rose to 10 single 
combs, and among the noncrested birds 
there were 24 rose to 14 single combs 
or among all of the progeny there were 
45 rose to 24 single combs. The defi- 
ciency of single combs has not been 
satisfactorily explained, although Dunn 
reports a similar result in some of his 
matings. 


The results of matings J) and £: 
show that when multiple-rose, crested 
is mated to spiked-rose, noncrested and 
single, noncrested probably all 
crested progeny have multiple points 
and all rose-noncrested progeny have 
spikes. The three apparent exceptions 
recorded in Mating D) (see Table 1) 
were in all probability errors in obser- 
vation, particularly when it is realized 
that no spiked-rose, crested birds were 
observed in either Mating )) or /: and 
no multiple-rose, nonerested birds in 


Mating /:. 


rOSeC- 
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Insofar as the rejation of crest to 
multiple-rose comb is concerned, the re- 
sults of Matings ./ to &, inclusive. 
scem to justify the assumption that the 
eene for crest acts as a modifier of 
comb form. In the case of each mating 
there is almost complete association be- 
tween the occurrence of and the 
multiple-point the 
comb. 


crest 
condition of rose 

The association between crest and the 
multiple-point condition cannot be due 
to linkage because there are no cross- 
over classes, or at least few exceptions 
to complete association between crest 


and the multiple-point) condition are 
practically all of one class. 
Regarding the suggestion by Bon- 


hote* and Cunningham that the asso- 
ciation between crest and the shortened 
condition is due to the mechanical et- 
fect of crest, it may be pointed out, 
as observed by Dunn and Jull’ that 
the miuuiltiple-point condition of the 
comb is discernible at hatching time, 
but the crest does not differentiate until 
the definitive plumage is developed. 
Moreover, 1f the association were due 
cntirely to mechanical effect it might 
be supposed that the more abundant the 
crest, the shorter the comb, which, how- 
ever, has not been observed in_ the 
progeny of the matings discussed in 
this paper. 

The general conclusion would seem 
justified, therefore, that the association 
between crest and the multiple-point 
condition of the rose comb is due to 
the effects of the same gene, the gene 
for crest acting as a modifier of comb 
form. The spiked-rose comb of the 
leghorn becomes a shortened, multiple- 
point comb in the presence of a crest, 
as in the Silkie. 


*Results of Dunn and Jull. 


Rose. 

Crested 
lk. observed.......... ... tod 39 
F. expected... ee 
Back-cross observed. 55 
sack-cross expected. 46.75 


The matings reported in this paper 
were not made with a view of testing 
the effect of the gene for crest on sin- 
the made 
show that in the presence of crest, sin- 


ele comb, but observations 


ele combs are frequently lopped to one 
side and_ that 
the 


16 and 17.) 

In Mating C, of the 62 r Cr birds, 
+ had side-sprigs, while of the 77 r er 
birds only 2 had side-sprigs. In Mat- 
ing 1), among the 27 r Cr birds there 
were 11 males with side-sprigs, while 
among the 33 7 cr birds none had side- 
sprigs. In Mating /, among the 10 
r Cr birds one had _ side-sprigs, while 
none ot the 14 r cr had _ side-sprigs. 
These results make it apparent that the 
presence of a crest may be associated 
more frequently with side-sprigs than 
not. 


in cases there are side- 


sprigs on blades. (See 


figures 


Though detailed descriptions were 
not made concerning the lopped or 
straight condition of single combs when 
accompanied by a crest, it was observed 
that the majority of the combs in the 
males were lopped, as shown in Figure 
16 G and / and Figure 17 K, P, and QO. 

Among matings to determine the re- 
lationship between rose comb and_ the 
presence of crest, Dunn and Jull' se- 
cured the following results :” 

In the back-cross matings the orig- 
inal combination of characters was rose- 


crested and single-noncrested. In the 
table below it is observed that in the 


back-cross matings there is an excess 
of both rose-crested and single-non- 
crested. The general conclusion was 
that the genes for rose comb and for 
crest are probably loosely linked. 





Rose, Single, Single, 
Nonerested Crested Noncrested 

}2 7 4 

11.6 11.6 3.9 

39 36 55 

46.75 406.75 46.75 
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(On the other hand, the results in 
Mating /:, a back-cross mating, are 
somewhat different from those reported 
by Dunn and Jull. The differences are 
best expressed in tabular form. 

In the light of the results reported 
In this paper it now seems doubtful if 


there 1s linkage between rose comb and 


CTESt. 





air rr Ker rer 

Munn and Jullww... 55 30 39 55 
Jull) (this) paper) 2] | 24 14 
Total 70) 4f) 63 HY 
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Agriculture on 


TREE CROPS: A PERMANENT 
AGRICULTURE, by J. Russe_i 
Smitu, Professor of Economic Geog- 
‘aphy, Columbia University.” Pp. 333; 
136 illustrations. Price $6.00. Har- 
court, Brace and Company, New 
York. 1929. 

At irregular and rare intervals books 
appear which, due to their subject mat- 
ter or their style, depart widely from 
the current literature of their genera- 
tion. Yree Crops is such a book. It 
is unique in both content and style. Its 
aii is to pioneer a new form of agro- 
nomic agriculture and thereby push into 
the remote future that gloomy day en- 
visaged by followers of Malthus when 
the earth’s population will require more 
food than can be produced. The preface 
is evidence regarding the unusual style 
of the book. It savs: 


First, look at the pictures and the legends 
and you have the essence of it. 

Second, read the first three short chapters 
and you have the idea. 

Third, read the large print and you have 
the argument. 

Fourth, read the fine print and you have 
more details—of proof and application, 


The theme ot the book is that on 


4. Dunn, L. C. and Jutr, M. A. 1927. 
Qn the Inheritance of some characters of the 
Silky Fowl Jour. Gen. Vo NIN, No. 1, 
pp. 27-63. 

>. Punxetr, R. C. 1923: 


Ileredity in 
Poultry, London. 


the Hypotenuse 


steep lands the world over, tree crops, 
those producing food for men and ani- 
mals, should be grown. To accomplish 
this, new and more valuable varieties of 
hundreds of species must be produced 
and their adaptations determined. It is 
realized that selection of the most valu- 
able variants from among tree popula- 
tions and their vegetative multiplica- 
tion would bring only partial success. 
The plant breeder as well as the plant 
explorer must be enlisted in the crusade. 

One would be inclined to believe that 
the author rather underestimates the 
difficulties, both biological and economic, 
of the plan which he proposes; if and 
when the world becomes hungry it 
may prove the pillar of fire leading to 
the land of plenty. It will arouse the 
interest and quicken the imagination of 
every intelligent reader. The number 
which it will move to action will be 
much smaller. 

A new edition should be carefully 
examined to verify such statements as 
classifving Major Andre as a traitor 
(opposite page +) and the suggestion 
that insects might improve the cross 
pollination of the pistache—page 230. 


R.J.B. 
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MATRIMONIAL PROSPECTS OF SOUTHERN 
COLLEGE WOMEN 


ROLAND Al. 


HARPER 


(“niversity of Georgia 


()S* frequently sees in magazines 
and newspapers statements to the 
clfect that about half the women who 
eraduate from .\merican colleges never 
marry; and the situation 1s generally 
viewed with alarm. There was a pro- 
longed discussion of the question in the 
Popular Science Alonthly between 1902 
and 1905, soon after the census of 1900 
showed a marked decrease in the size 
of \merican families in the preceding 
decade, and about the time that Presi- 
dent oosevelt raised the cry of “race 
suicide’. The discussion has continued 
intermittently and with varving degrees 
of pessimism in other periodicals to the 
present day.* 

Such statements seem to be based us- 
ually on the records of a few northern 
colleges, with no intimation that con- 
ditions nught be different in different 
parts of the country. With a view of 
investigating the state of affairs in the 
South, the writer has made a study of 
the 1926 alumnae directories of the 
Georgia State College tor Women 
(formerly Georgia Normal and Indus- 
trial College), at Mulledgeville, and the 
Florida State College for Women, at 
Tallahassee, and the 1927 directory ot 
Agnes Scott College (formerly Agnes 
Scott Institute), a Presbyterian school 
at Decatur, Ga., near Atlanta. 


Sources of Data 


The first graduates from the Georgia 
state institution were in 1892, but de- 
erees do not seem to have been given 
there until 1921. In the alumnae direc- 
tory the names are grouped by classes. 





and some of those receiving degrees 
since 1921 are listed as graduates a 
vear or two earlier. For the sake ot 
simplicity the graduates with degrees 
have been omitted from the present 1n- 
vestigation, but it will be worth while 
to tabulate them a tew vears hence, 
when they are more numerous. 

Agnes Scott College began as an in- 
stitute in 1889 (first graduates 1893). 
It was raised to the rank of a college in 
1906, and has given degrees since then. 
Its latest directory lists both graduates 
and non-graduates in an alphabetical 
list, and then groups the graduates 
(nearly 900 in) number) also by 
classes. Those who attended but did 
not graduate are about twice as numer- 
ous, and their names appear in_ the 
alphabetical list only, with numerals 1n- 
dicating the classes to which they be- 
longed, in most cases. (Where no class 
numerals are given the individuals are 
left out of these calculations. ) 

The Florida institution dates from 
1905, and its degrees may be divided 
into three classes. First, L. I (Li1- 
centiate of Instruction), which is based 
on a short course, and probably corre- 
sponding to the graduates without de- 
erees at the Georgia State College. Sec- 
ond, bachelors’ degrees, and third, mas- 
ters’ degrees. The L. I. graduates, to- 
gether with those who merely received 
certificates for special courses, and 
those whose degrees are not given in 
the directory, have been tabulated sepa- 
rately from the “bachelors”; but no 
study has been made of the masters’ 
degrees. for they are too few for ac- 





— 


*()ne of the latest contributions to the subject is “Career or Maternity,’ by Henry R. 


Carey, in the North American Review tor December, 1929. 
by Roswell H. Johnson, in Eugenics tor September, 1929, who states 


A more optimistic view is taken 
that the percent 





married among graduates of Bryn Mawr, and the number of children per marriage, has in- 
creased in recent years, and the interval between graduation and marriage decreased. No 
explanation of the change is offered, but it may be due to a change in the kind of girls who 
vo to college since the rapid increase in enroliment in nearly all colleges in recent years. 
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curate statistics, and practically all the 
holders thereof also have bachelors’ de- 
grees from the same institution. Quite 


a number have received the LL. |. de- 
vree first and A.B. or B.S. a year or 
two later, and all such have’ been 


counted according to their latest status. 

In the Florida directory all the names 
are put ina single alphabetical list, with 
degree, class, present address 1f known, 
and present name of those known to 
have been married. In several cases 
the year of graduation is not given; 
but most such cases with which the 
writer is personally acquainted are 
married women of mature years, who 
may have purposely withheld the dates ; 
and for the present it is arbitrarily as- 
sumed that they all graduated in 1910 
or earlier. There is a possibility of 
typographical errors in the dates when 
the names are not grouped by classes, 
but if such errors were at all numerous 
they would tend to balance each other 
to some extent. few of the Florida 
alumnae (mostly wives of professors 
in the same institution) were evidently 
married before graduating or even be- 
fore entering, but they have been 
counted the same as if they had mar- 
ried after graduation. 

In all three directories some of the 
alumnae who are listed only by their 
maiden names, with no address, may 
really be married, for it is easy to lose 
track of a woman when she changes 
her name and address at the same time; 
so the percent married is probably a 
little larger than the records indicate ; 
but such cases are probably not numer- 
ous enough to affect the validity of the 
statistics for comparative = purposes. 
“Neither directory tells anything about 
the date of marriage, the number of 
children, or whether an alumna_ has 
heen widowed, divorced, or married 
more than once. Deceased alumnae are 
indicated, and they have been counted 
with the living ones: but if they had 
been excluded the proportion married 
would have been increased a little, be- 


cause some who died voung would 
doubtless have married if they had 


lived longer. 
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High Marriage-Rate of Agnes Scott 
Graduates 


An article by one of the students, in 
the Sunday magazine section of the 
Atlanta Journal for Oct. 13, 1929, dis- 
cussed the matrimonial situation at 
Agnes Seott, and pointed out that its 
alumnae showed a high marriage rate, 
for 61% of all the graduates, and 22% 
of those of the last six vears, were al- 
ready married. Of the 95 members 
of the class of 1929, 3 were married 
and 23 engaged at the time of eradu- 


ation. It was further stated that only 
flour of the whole body of alumnae 
were known to have been divorced: 


and the average age of marriage was 
said to be 25 vears (this calculation 
based on unpublished data). The pres- 
ident was quoted as expressing the 
opinon that the presence of — three 
men's colleges within a few miles (in 
Atlanta and suburbs) was a factor in 
the high marriage rate. (Similar. sta- 
tistics for co-educational colleges arc 
not available at this writing. ) 

The accompanying graph ( Figure 18) 
shows the percent married (including 
widows and divorcees, if any) among 
the graduates of the Georgia and Flor- 
ida state institutions up to the latter 
part of 1926, for each class back to the 
beginning, except that the vears previ- 
ous to 1921 are averaged in five-vear 
eroups to make the curves smoother, on 
account of the comparatively small 
numbers involved in those earlier vears. 
For the Florida college there are two 
curves, the continuous one for eradu- 
ates with bachelors’ degrees, and the 
broken one for L.l. degrees, certifi- 
cates and unspecified. The high point 
at the beginning of the Florida A.B. 
curve 1s probably due largely to the 
arbitrary assumption previously men- 
tioned, that the alumnae who did not 
vive dates graduated in 1910 or earlier. 
If we had the exact facts that curve 
would) probably le between the two 
which it now crosses. The attendance 
at both institutions, as at nearly all 


other colleges, has inercased rapidly in 
recent vears; so that 1f a similar inves- 
tigation should be made ten years from 
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OF DIFFERENT CLASSES eee 
(IN 1926) , 
{ 
AND OTHER WOMEN ) 
.OF SAME AGE 
1895s! 1900; 1905. 1910; 19IS: 1920: 
MARRIAGE RATE OF GEORGIA-FLORIDA ALUMNAE 
Figure 18 
Graph showing percent married (including widowed and divorced) among all white 


women in the United States, at different ages (indicated by numbers at top) in 


1920, and 


among graduates of the Georgia and Florida state colleges for women, of different years 


(indicated at bottom), according to their 


1926 
indicate years, and vertical distances percentages. 


alumnae directories. Horizontal distances 
The upper curve is fitted to the others on 


the assumption that the average age at graduation is about 21 years. 


now, more accurate statistics could be 
computed. 

There is added also a similar curve 
for all white women in the United 
States who are married, widowed or 
divorced, based on the census of 1920, 
and located with reference to the alum- 
nae curves by assuming that the aver- 
age at graduation is about 21. (It 
it should be found to be a little earlier 
or later than that, this upper curve 
would have to be shifted a little to the 
left or to the right.) As this curve ts 
based on millions of individuals, it is 
much smoother than the alumnae curves, 
which are based on only a few hundred. 

The Agnes Scott data are not plot- 
ted because they are for a period about 
a vear later than the other two, and 
are therefore not strictly comparable ; 
and also because the graph would be 


confusing if there were too many 
curves on it. But the proportion mar- 
ried among the graduates of Agnes 


Scott previous to 1916 is remarkably 
high, nearly 70%, while non-graduates 
for the same period averaged less than 
60%. 
there were 70.2% married among the 
non-graduates and only 51.6% among 


In the class of 1918. however. 


the graduates; and the  non-gradu- 
ates have maintained the lead ever 
since. [tvidently many girls left col- 


lege prematurely in order to marry dur- 
ing the World War, which seems to 
have stimulated marriage in all ranks 
of societv.* And since that time any 
cases of marriage before the completion 
of one’s college course would naturally 
make the percent married higher among 


the non-graduates than among the 
eraduates. The 1927 directory lists 
> - 


several married even among those who 
would have graduated in 1928 or 1929 
if they had remained in college. But 
a decade from now more of those who 
eraduated between 1917 and 1927 will 





*The U. S. 


Census Bureau gathered no statistics of marriage between 1916 and 1922, 


but later estimated. from the returns of 25 states that kept such records, that the marriage 
rate in 1917 was 11.20 per thousand: a figure never exceeded except in 1920. 
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be married, and the shape of the curves 
for that period will be different. 

Agnes Scott is said to have had a 
standard college curriculum ever since 
1906, but the two. state institutions 
named have gradually raised their cur- 
ricula to the American standard in the 
last several years, and thus increased 
the average age of graduation, which 
complicates matters somewhat. For if 
a girl who stays in college until she is 
20 vears old thereby reduces her chances 
of marriage, a prolongation of the edu- 
cational process for another year or two 
must still further reduce it.* All the 
college curves begin to bend downward 
at a point corresponding to about ten 
vears before the date of the directories, 
and it is impossible to say just how 
much of that is due to raising the cur- 
riculum and how much to the shortness 
of the time elapsed since graduation. 
lf no further change of academic stand- 
ards takes place, similar curves con- 
structed a decade later ought to show 
the effect of such changes in the past, 
if they are not masked by other factors. 
However, all the curves show graphic- 
aliv something that may be already 
fairly well known, namely, that nearly 
all marriages take place within ten years 
after graduation, and very few women 
of any sort marry for the first time 
after the age of 35. 

All the curves for graduates of more 
than ten years’ standing fluctuate around 
60 per cent, as compared with 50 per 
cent which is about the average for 
northern colleges. This correlates fair- 
ly well with the easily demonstrated 
fact that both men and women marry 
earlier in the South than in the North; 
but it is quite possible that when the 
standard curriculum has had time to 
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take effect in the institutions under con- 
sideration, their graduates will not differ 
much in this respect from the northern 
alumnae. 

In the Florida statistics it will be no- 
ticed that the percent married is less 
(for most classes) among those who 
have taken a short course than among 
those who have bachelors’ degrees. This 
at first would seem to contradict what 
has been said above; but there is a 
plausible explanation for the difference. 
Those who take only the L. I. degree 
presumably contemplate making teach- 
ing their life work, and they mav have 
been born with less of that indetinable 
quality lately called “it” than those who 
eo all the way through college while 
waiting for something romantic to 
turn up. 


Marriage Rate of Ph.D.’s 


But those who continue further and 
take masters’ or higher degrees prob- 
ably have much less chance of marriage 
than those who stop with the bache- 
lors’ degree. This cannot very well be 
shown by means of the Georgia and 
Florida alumnae lists, for the numbers 
are too small as yet, but it is clearly 
shown by a study of women scientists. 
based on the 1927 edition of Cattell’s 
American Alen of Science. In the first 
135 pages of that work there are about 
100 women, and only 17 per cent are 
obviously married, though the true num- 
ber may be somewhat greater, for mar- 
ital condition (and sometimes even the 
sex) is not alwavs evident, being indi- 
cated only by the names. Most of the 
women scientists have doctors’ degrees, 
and of those only 11.5 per cent seem 
to be married, as compared with 53.8 
per cent of those who are not doctors. 

All this, of course, does not neces- 





*Some statistics from the Florida state census of 1925 throw a little light on this point. 
While directing that census the writer made a list of the students of the State College for 
Women, from the enrollment cards in the President’s office, and found that the average age 
of all the students at the time of enumeration (February) was 19.9 years, while those from 
Tallahassee only, averaged 21.6 years. The most likely explanation of this difference is 
that the whole student body includes many girls from the rural districts, where men are in 
the majority, and it is customary to marry early; while Tallahassee is a city, with a con- 
siderable excess of women, and many Tallahassee girls were attending college who might have 
been already married if they had lived in a small town or in the country. It is very likely 
that the average age of students from other cities was similar to that for Tallahassee, but 


that point was not investigated. 
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sarily indicate that a college education 
reduces a woman's chances of marriage, 
for cause and effect are intricately in- 
volved. Some women (and men, too) 
are naturally more sentimental than 
others, and the less sentimental ones, 
who care less for matrimony, naturally 
eravitate toward an educational or busi- 
ness career, and that may be all there 
is to it. 

Future editions of these alumnae 
catalogues could be made much more 
useful to students of social phenomena 
by the addition of some easily obtained 
information. The alphabetical arrange- 
ment used in Florida is the most con- 
venient if one wishes to find a certain 
name quickly, but in other respects the 
Georgia method of grouping by classes 
seems preferable. (It would be better 
still to use both systems at the same 
time, as is done in the Agnes Scott 
directory and in the alumni catalogues 
of many men’s colleges. ) 


Assuming the names to be grouped 
by classes, it would be desirable to give 
the following information about each 
alumna, each topic in a separate column 
if possible: 


Name when in college. 

Home when in college. 

Year of marriage (if any). 

Name of husband (if any) and year of 
his death if he is not living; or occupatior 
if single or widowed. 

Present address, or year of death if de- 
ceased. 


Number of sons and daughters (using 0 
for none and — for “no report’). 


The year of birth would also be of 
interest, but that would probably be 
asking too much; for many of the 
women in II’ho's IVho do not give 
their ages. Some record should also be 
made of those who attended college 
but did not graduate, as is done by sev- 


eral state universities. 


The “Fuchsia-Picture” of Mendel 
The Cover 


He plaque reproduced on the cover 

is the work of Theodor Charlemont 
of Vienna. It is evidently based on the 
*Fuchsia-picture’” of Mendel, believed 
to have been made between 1861 and 
1864, but the flower has undergone 
rather extensive metamorphosis at the 
sculptor’s hands. [Even before his ex- 
periments with peas Mendel had crossed 
the fuchsia, and according to Iltis, a 
handsome double fuchsia was known 
for a long time in the trade as the 
‘Mendel Fuchsia”. Mendel later used 


this same flower on his abbot’s es- 
cutcheon. 

The signature below the picture was 
inscribed at the close of a brief auto- 
biography included in an examination 


taken by Mendel at Vienna in 1850, to 
entitle him to a teacher's certificate in 
natural science. He did not pass the 
examination, nor a later one in 1856, 
but it has preserved to us interesting 
information as to Mendel’s views on 
evolution, before the publication of the 
Origin of Species. It 1s curious that 
the other signatures given in I[Itis’ book 
are in German script, as is the text of 
this examination. 

Charlemont also executed the statue 
of Mendel at Brunn, which was illus- 
trated in the JouRNAL for November, 
1925. The reproduction of the plaque 
is taken from Gregor Johann Mendel, 
by Hugo Iltis, Julius Springer, Berlin, 
1924. 

















Photograph by David Fairchild 


AVOCADO FLOWERS AT THE FIRST AND THE SECOND OPENING 
Figure 19 


The flower at the right is of the Grande variety at the second opening, showing the 
anthers open and the pollen masses exposed to insect visitation, with the stigma already dis- 
colored; on the left is a flower of the Winslowson variety open for the first time, with the 
stigma receptive, but not shedding pollen. The lower left flower is loosely closed with the 
spent anthers protruding. Magnified about five diameters. 

















POLLEN STERILITY IN THE COLLINSON 
AVOCADO 


TL. RALPH ROBINSON 
Burcau of Plant Industry, ©. S. Department of Agriculture 


N the course of pollination studies 
of the avocado (Persea americana ) 
several rather unique floral adap- 
tations have been found,* indicating 
cross pollination as the normal means 
of fruiting. 

The avocado represents an extreme 
case of proterogyny in which not only 
pollen shed = from the individual 
Hower after the stigma (usually ) 
past the receptive stage. but the two 
sets of flowers (receptive and_ pollen 
shedding) open and close synehron- 
ously so that there is scant (or no) 
opportunity for the stigma to receive 
pollen from a neighboring blossom 
on the same tree. Moreover, all trees 
of the same variety behave alike in this 
respect. 


1s 


1S 


Two Types of Flower-Behavior 

This synchronous opening and _ clos- 
ing was first clearly demonstrated by 
Stout*, and lead to a further discovery, 
viz: that avocado varieties could be 
divided into two groups, one group 
(Class .\) having only “first-period” 
Howers (receptive) in the morning 
with “secondaperiod” flowers (shed- 
ding pollen) in the afternoon: another 


croup (Class B) shedding pollen in 
the morning from flowers open tor 


the second time, with first-period flow- 
ers (receptive) in the afternoon. The 
fHowers opening in the morning 
(whether in the first-period or in the 
pollen-shedding stage) usually close 
around noon, before the second set 
of flowers open for the afternoon 
period. (With a few varieties and un- 
der changing weather conditions there 
is occasional overlap permitting a cer- 
tain amount of close pollination. 

It was only by tagging large num- 
hers of individual flowers and making 


uy: 
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*Sce Literature Citations, 1, 2. 3. 


and 5. 
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hourly visits for several 
time that this flower behavior was 
definitely established. It became clear 
that by interplanting varieties selected 
from these two classes. conditions 
would be favorable to securing cross- 
pollination, providing they bloomed at 
the same time and flying insects were 
present to carry pollen from tree to 
tree. While there are numerous in- 
stances in which self or close pollina- 
tion is quite possible and good crops 
are thus secured, the agency of cross- 
pollination is a vital one with most 
varieties and is now given due con- 
sideration by most growers in planning 
their orchards. 


days at a 


The avocado flower on first opening 
presents an erect pistil with the sta- 
ens opened out in a nearly flat plane 
(see Figure 19.) No anthers are open- 
ed during this first period which lasts 
for three or four hours. On_ second 
opening the inner whorl of stamens, 
three in number, are folded in about 
the style. The anthers begin to open 
and dehisce within a half-hour to an 
hour, but the stigma by that time ts 
usually brown and withered. The 
flowers that have their first opening 
in the morning (Class A) close around 


noon, and do not reopen and_= shed 
pollen until the following afternoon. 


The flowers that have their first open- 
ing in the afternoon (Class B) have 
a much shorter cycle. They close about 
dusk 


or earlier, and reopen the fol- 
lowing morning, when their pollen 1s 
shed. In either instance the = stigma 


rarely remains in teceptive condition 
until pollen is shed, although flowers 
opening very late in the afternoon may 
sometimes carry their stigmas over 
might in good condition. 

A curious anomaly was discovered 
by Stout and Savage” when studying 
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“PROVING POLLEN STERILITY 
Figure 20 


Tree of Collinson 
ing exposed branch. No fruit set 
son trees in the vicinity set fruit abundantly. 


Collinson 
) Vv originated at the 
United States Plant Introduction Gar- 
den, near Mianni, Florida, as a_ seed- 
ling of the Collins variety, one of the 
Gautemalan race, and gives evidence 
of being a natural hybrid between the 


behavior of the 
This variety 


the flower 
variety. 


Collins and one of the West Indian 
varieties. It has the late maturing 


Guatemalan race with the 
smooth glossy green skin of the west 
Indian, and it is somewhat hardier 
than the West Indian type. 
examination of the flowers showed 
no abnormality, but repeated observa- 
tions during the whole blossoming 
period revealed complete absence of 
pollen. The anther lids fail to open 
at any #ime during the flower cycle. 
Notwithstanding this pollen. sterility, 
trees of the Collinson variety are 
normally fruitful, but in every instance 
investigated by the writer, there occur 
trees of other varieties within a few 


habit of the 


Avocado selected for tenting experiment 
on tented tree, 
(srove ot 5. W. 


show- 
Collin- 


Florida. 


(left) and tented tree 
while the exposed branch and other 
Barney, Palma Sola, 
rods that night sources of 
pollen. Warning wi as promptly given 
to avocado growers*” against planting 
this variety without providing other 
trees (of Class B) as pollinators. 


serve as 


A Tenting Experiment 

The regular fruiting of Collinson in 
South Florida had led to some skepti- 
cism among growers as to the necessity 
for cross-pollination, since in a 
instances the opportunity for 
pollination seemed rather 
Accordingly a 


few 
CrOss- 


restricted. 


tenting experiment was 
arranged during the spring ot 1929 
to test out this requirement. Tenting 


experiments had been made previously 
with varieties having normal pollen be- 
havior!:? both with and without bees 
as pollinating agents. the results show- 
ing the important role of these insects 
in the transfer of pollen. In this in- 
stance, however. the known absence of 
pollen made it desirable to test the pos- 














Robinson: 


sibility of fruiting without pollination, 
excluding all flying insects. Avocados 
are known 1n some instances to set fruit 
without pollination, but such fruit usu- 
ally sheds at an early stage. Rarely a 
few unpollinated fruits remain to ma- 
turity but these fruits are practically 
always seedless, undersized and abnor- 


malin shape. While flying insects were 


for the most part excluded by the tree 
tent, crawling insects such as ants and 
thrips were not excluded and the flow- 
ers were freely exposed to their visits. 
There is some reason to believe that 
the ubiqitous thrip, while in the main 
destructive, may serve occasionally in 
the transfer of pollen when probing 
normal avocado flowers. 

This tenting experiment was c¢ar- 
ried out in a young avocado grove 
belonging to J. W. Barney, at Palma 
Sola, Fla. The orchard was originally 
planned to provide for cross-pollina- 
tion and the Collinson trees each bore 
several fruits in their third year. Three 
reciprocating varieties (of class B) 
Winslowson, Queen and Panchoy are 
planted in close proximity, any one of 
which might have furnished pollen for 
fruit setting. 

On February 18, 1929, before any 
open bloom appeared, a_ framework 
was built over one of the Collinson 
trees (No. 1) which was covered with 
“seedbed muslin”, care being taken to 
leave no openings that would admit 
insects. The end of one of the lower 
branches was allowed to protrude from 
the tent, thus exposing the flowers to 
insect visitation (see Figure 20). On an- 
other tree (Tree No. 4) a single lower 
branch was similarly covered with mus- 
lin, leaving the main tree uncovered. 
Provision was made for opening these 
tents to permit inspection during the 
blooming period, but care was taken 
to admit no insects during inspection. 
On April 14 when blooming was near- 
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ly over, it was observed that, due to 
warping of one of the side cleats, a 
small opening had been made in one 
upper corner of Tent No. 1. One 
wasp and a few flies and gnats were 
inside the tent at this time. As in 
previous experiments examination of 
open flowers showed a complete ab- 
sence of pollen although the flowers 
went through their ecvcle in a normal 
manner. 

Qn April 22 blooming was completed 
and the tent covers removed. The 
fohage underneath the muslin cover 
was in good healthy condition and no 
defoliation or other apparent injury 
took place as a result of partial shade 
during bloom. 

Inspection on April 14 showed no 
fruits set on tree No. 1 under the tent. 
Six tiny green floral ovaries of pin- 
head size were still adherent, but drop- 
ped within a few davs. On the single 
branch exposed to insect visitation 38 
fruits had set. from '4 to '%& inches 
in diameter. On tree No. 4 the main 
tree had set fruit in abundance, with 
no fruit setting on the tented branch. 
A single branch comparable in_ size 
and position to the tented branch had 
set 21 fruits. 

On April 22 (when the tents were 
removed, and blooming ‘was at an 
end) the exposed branch of Tree No. 

had 7 fruits holding, 14 to ™% inches 
in diameter, with none on the main 
tree. This number of fruits (7) was 
more than such a small branch could 
carry to maturity and it was not sur- 
prising that on final inspection May 
4, only one fruit remained, this one be- 
ing on this date about one inch in 
diameter, and firmly attached. Tree 
No. 4 continued to carry a fairly heavy 
crop of fruit on the main tree, with 
no fruit showing on the covered 
branch.* 

The results justify making special 





*At the writer's suggestion a ‘similar tenting experiment on a tree of the Collinson avocado 


was made by the late W. J. pee at Homestead, Florida. 


This tree was tented March 16, 


1929 and tent removed May 27, 1929; Mr. Krome’s notes recently reported to the writer by 


Mrs. Krome read as 5d 


“We caged a Collinson tree under double wire netting, about 


the time bloom began to open and today removed this barrier to outside pollination (May 27). 
The shading due to the cage has left the tree in wonderful condition, but it is the only one 
in the entire row of Collinsons which is carrying no fruit at all. 
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provision for cross-pollination when 
planting the Collinson variety of avo- 
cado. 

The satisfactory fruiting of this 


variety in mixed commercial plantings 
is corroborative evidence that cross- 
pollination is the usual method ot 
fruiting with avocados generally, 
though with other varieties not abso- 
lutely obligatory. It is probably no 
mere accident that among all the avo- 


cado varieties investigated, approx- 
imately fifty per cent. fall into each 
of the two classes “A” and “B". In 
seedling groves, it has likewise been 
found by the writer that the number 
of morning and afternoon pollenizers 
Is practically equal,—pollen periodicity 
being distributed among avocado seed- 
lings much as the two sexes occur in 
seedlings of dioecious plants, such as 
the date palm. 
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As far as space permits, books that contain material of special interest to the 
readers of the JouRNAL will be reviewed in later numbers. 


New Views or Evotution, by GErorGE 
PERRIGO CoNGER, Ph. D., Associate Professor 
of Philosophy, University of Minnesota. PP. 
235. 10 Chapters. Price $2.50. Macmillan 
Company, New York, 1929, 

A philosopher speaks on the evolu- 
tion of evolutionary views, in Macmil- 
lan's ““Philosophy for the Layman” se- 
ries. We protest that the evolution of the 
horse and other organisms is different 
from the evolution of matter, and to 
try to squeeze both processes into the 
same shoe is hard on the layman. 


Dusr ro Lire, the Scientific Story of Cre- 


ation, ’y Burron Perer Thom, M.D. Pp. 
409. 12 Chapters. 120 Illustrations. Price, 
$5.00. FE. P. Dutton & Co., New York, 1929. 


Described on the jacket as a‘ Modern 
Genesis’, it is also a Noah’s Ark of 
pictures of animals that have lived on 
in stone. A brief glance raises a fear 
that the author has attempted to live 
up to the jacket and to speak with the 
“Tongues of Men and of Angels.” 


Prockss AND REALIty: An Essay in Cos- 
mology. Gifford Lectures Delivered in the 


University of Edinburgh During the Session 


1927-28. By Arvereo NortH WHITEHEAD, 
Fellow of Trinity College in the University 
of Cambridge, and Professor otf Philosophy 
in Harvard University. Pp, 547. 5. Parts, 
25 Chapters. Price, $4.50. Macmillan Com- 
pany, New York, 1929. 

[f philosophical syntheses ot current 
scientific concepts really do influence 
human behavior this should be a very 
important book. 


ZUR ANTHROPOLOGIE 
RONESISCHEN INSELGRUPPE- KA- 
PINGAMARANGI (Anthropology — ot the 
Greenwich Islands). by Otto ScCHLAGIN- 
HAUFEN. Pp. 78. 4 Chapters. 10 Plates. 
Druck und Verlag Art. Institut Orell Fussli, 
Zurich. 1929. 

Much data on hair, skin and eye char- 
acteristics, etc., ete.. and many meas- 
urements and indices culled from the 
population of a tiny group of tslands 
almost on the equator north of New 
Guinea. The data are topped off with 
an excellent series of plates showing 
how the Greenwich Islanders actually 
look when disentangled from the meas- 
urements and indices. 


DER MIk- 




















_—_ 





ABNORMALITIES IN PECANS* 


I. Abnormalities in Pecan Flowers 


1. G. Wooproor and Naomi C. Wooproor 


Georgia Experiment Station, Experimeii, Georgia 





TRIPLETS IN PECAN CATKINS 


Figure 21 
A single cluster of the Jerome variety containing nine fully developed cat- 
kins (three times the normal number). This cluster was unfortunately infected 
with a fungus, J/icrostroma juglandis (Bereng.). Natural size. 


HII studying the develop- time of initiation and development of 
of pecan flowers for the past pecan flowers considered normal for 
seven vears, the writers have the particular variety have been de- 
examined many thousands of staminate — seribed.*:*+°) The aim was to record only 
and pistillate flowers of more than forty normal behavior, leaving such abnor- 
varieties of pecans in Georgia, Florida, malities as were found undescribed. 
Alabama and = Miississippi. Variations Normally the pecan (//icoria pecan 
with respect to color, size. form and Brit.) is monoecious, the saminate flow- 
*Published with the approval of the Director as Paper No. 32, Journal Series, Georgia 
Experiment Station. 
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Woodroof and Woodroot: 
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FEMALE FLOWERS OF THE PECAN 
Figure 23 

Two normal groups of pistillate flowers of 
the pecan. (Natural size.) 
ers (catkins) being borne laterally on 
“last vear’s” wood, and the pistillate 
Howers terminally, in clusters, on “cur- 
rent vear's’”’ wood. Two groups of three 
catkins each are produced at each node 
(Figures 24, 25). The pistillate flowers 
are borne in terminal spikes. Irom one 
to nine pistillate flowers, sessile, on a 
single axis, constitute a cluster (Figure 
23). Abscission of the catkin group oc- 
curs immediately after pollen shedding. 

The writers have observed four types 
of flower structure and = arrangement 
considered abnormai. 

“Perfect Flowers” 

(.\) For several successive years one 
tree of the Beveridge variety, growing 
at the Georgia Experiment Station, has 
produced “perfect flower-clusters” (Fig- 
ure 22). A cluster of from one to 
live normal, pistillate flowers termi- 
nated the new spring growth, and at 
the terminus of the cluster of pistillate 
flowers was borne from one to several 
staminate flowers. A single axis, on 
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current season's growth, produced stam- 
inate flowers capable of furnishing pol- 
len and also pistillate flowers capable 
of receiving pollen. From five to forty 
per cent of the pistillate flower clusters 
of this tree have terminated with stam- 
inate flowers for three successive years. 

The tree is twenty years old and has 
received the same care as thirty other 
varieties in the orchard. No other tree 
in the orchard has ever been known to 
produce such flower clusters. Thou- 
sands of trees throughout southeastern 
United States have been examined at 
blooming time and only one other tree 
has been found to produce “perfect 
Hower-clusters.” A Success tree at 
Ocean Springs, Mississippi, produced a 
very few such clusters in 1927. This 


tree has not been examined in other 
vears. 
The Success tree had received 400 


pounds of a commercial fertilizer mix- 
ture in the spring of the same year, 
and it was thought that the peculiar 
floral structure might be related to high 
fertilization. I[Xxtremely heavy applica- 
tions of commercial fertilizer and barn- 
vard manure for two years have failed 
to produce “perfect flower-clusters” on 
trees of the Nelson and Teche varieties 
at the Georgia [experiment Station. 

Microscopical examinations of the 
pistillate and staminate flowers of “‘per- 
tect flower-clusters” have shown them 
to be normally developed though their 
arrangement differs markedly from the 
normal. When other conditions were 
normal’ the pistillate flowers developed 
into mature nuts. In the case of the 
staminate flowers the bracts, anthers, 
and pollen were the same as those of 
normal catkins of the same variety. 
When the pollen was mounted in lactic 
acid and examined under high power, 
63.4 per cent of the grains appeared 
normal. The anthers dehisced at about 
the same time as normal catkins on the 
sane tree, and abscisson occurred 1im- 
mediately, or in some cases, abscission 
occurred without dehiscence. 

This phenomena is of little practical 
importance because cases are too rare, 























CATKINS OF THE ALLEY PECAN 
Figure 24 
The group on the left 1s normal; the remaining seven groups show varying 
degrees of abortion. (Natural size.) 
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and the amount of pollen produced is 
too small to be depended upon to affect 
pollination, as wind is the sole agent of 
dispersion. 

(B) The second type of abnormality 
in pecan flowers is similar to the above 
except that staminate flowers are borne 
at the base of the flower cluster rather 
than at the terminus (Figure 22). <A 
tree of the Jerome variety in the Ex- 
periment Station orchard is the only 
tree on which this has been observed. 
Soth the staminate and the pistillate 
flowers of such clusters appeared nor- 
mal and were capable of both produc- 
ing and receiving pollen. The anthers 
dehisced and the catkin groups ab- 
scissed similarly to other staminate flow- 
ers on the same tree. 

This phenomenon appeared to be the 
result of excessive stimulation in that 
one or more lateral buds on the “new 
wood” produced catkins. However, this 
was not observed on the Nelson and 
Teche trees when stimulated with com- 
mercial fertilizer and barnyard manure. 

A behavior similar to this has been 
observed on trees of a number of varie- 
ties that were severely pruned in mid- 
summer. Catkins which normally would 
come from lateral buds the following 
spring were “forced” out the fall be- 
fore. Obviously, such behavior 1s a 
result of heavy pruning of the trees. 


Variation in Number of Catkins 


(C) A third type of abnormal be- 
havior observed in pecan flowers 1s the 
occurrence of excess numbers of catkins 
in certain groups (Figures 21, 25). 
The Jerome and Indiana varieties, in 
1928, produced groups of from four 
to nine catkins each, though not more 
than three catkins per group has been 
found on trees of any other variety 
Sometimes branching of the peduncle 
occurred near the base and at other 
times at various points along the catkin. 

sehavior similar to the above has 
been reported by the writers, for the 
Nelson variety, and was shown in pho- 
tomicrographs by Isbell- for the Ear! 
variety; both of these being instances 
of groups of catkins in excess in a sin- 


gle bud, rather than catkins in excess 
In a single group. 

No practical significance has been 
attached to this behavior because it has 
been observed only in years when there 
was an abundant crop of catkins on all 


parts of the tree. The number of 
groups on any tree to contain more 


than three catkins was not more than 
ten per cent of the total. 

(D) A fourth type of abnormal be- 
havior was the production of less than 
three catkins per group (Figure 24). 
Microscopical studies showed that the 
normal number of catkins was differen- 
tiated, but due to lack of vigor in the 
tree or in the twig or bud, abortion of 
one or more catkins occurred. The per- 
centage of normal grains of pollen pro- 
duced in catkins in which abortion oc- 
curred, was as high as the percentage 
of pollen produced in catkins in which 
no abortion occurred. Though the quan- 
tity of pollen produced in abortion cases 
is reduced by the reduction of the num- 
ber of normal catkins, microscopical ex- 
amination of the pollen showed that the 
quality was not reduced. 


Summary 

Wide experience in examining stam- 
inate and pistillate flowers of the pecan 
reveals four types of abnormal be 
havior, none of which are very preva- 
lent nor of economical importance, but 
suggest that the flowering habit of the 
pecan is genetically unstable. 
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HERITABLE CHARACTERS IN MAIZE 


XXXII. 


New 


EVERAL small plants with lon- 

eitudinal slits in the leaves were 

noted in a culture of maize which 
originated by selfing a flint corn col- 
lected by FF. D. Richey and R. A. 
Emerson at Casilda, Argentina, South 
America. Certain of these plants were 
crossed with standard linkage testers. 
In the Fs generation of these crosses 
the slit-leaved plants were found to 
segregate as a simple mendelian reces- 
sive. The ‘character has been named 
slit blade, designated by the symbol sb. 

Description of Slit Blade 

The character slit blade is quite vari- 
able both in the time and degree of its 
expression. The longitudinal strips of 
tissues that first show evidence of 
change lie approximately midway be- 
tween the main vascular bundles. Oth- 
er mendelian characters are known in 
maize in which changes take place in 
this same region. Green. stripe? and 
vellow stripe’ mav serve as examples. 
It has been pointed out! that the fact 
that the regions in which the change 
occurs are those farthest removed from 
the main channels of transport suggest 
that such changes are in some wav 
causally related to the transport of ma- 
terials to or from these regions. 

The characteristic slits in the leaf 
are produced by the mechanical tearing 
of the tissues along the weakened lon- 
eitudinal regions. Few to many slits 
are ‘produced during the course ot 
development of slit plants. In Figure 
26 are shown photographs of leaves 
from slit plants. The leaf shown on 
the left represents an extreme develop- 
ment of the character while the one 
shown on the right represents about the 
average condition of the leaves of. slit- 
leaved segregates. 

Sht plants are usually less vigorous 


Slit Leaf Blade* 


GEORGE W. 
York State College of Agriculture, Ithaca, N. ¥. 


JEADLE 


than their normal sibs. In cultures in 
which the character develops early, the 
slit plants may be very weak, often 
not producing pollen or ears. In other 
cultures the slit plants may be difficult 
to distinguish ‘from the normals. How- 
ever, in most segregating cultures class1- 
fication is rather easily made. 

Studies of fixed and sectioned mate- 
rial have been made in order to deter- 
mine the evident changes that take 
place during the disorganization of the 
cells in the regions affected by the gene 
for slit blades. The standard technic 
for sectioning in \paraffin was used. 
Material of normal and slit sibs was 
sectioned and stained with Pianeze’s 
stain. Duplicate material was stained 
with iron alum haematoxylin. 

The first change noted in sectioned 
material of slit plants is a decrease in 
size of the plastids in the cells of re- 
gions affected. The plastids continue 
decreasing in size until they have com- 
pletely disappeared. With the decrease 
in ‘size of the plastids, a decrease in the 
amount of cytoplasm is noted. Soon 
after this the nucleus breaks down, 
leaving only the cell walls containing 
the remnants of the cell contents. The 
striae of dead tissue produced by this 
disintegration process are mechanically 
weak and are readily torn, producing 
the characteristic slits in the leaves. 
Figure 28 illustrates a transverse section 
through the leaf of a young slit plant. 
The region devoid of plastids was visi- 
ble externally as an indistinct chloro- 
phyll-free streak. Figure 274A illus- 
trates a mesophvll cell from the leaf of 
a voung normal plant. Figure 27B rep- 
resents a cell from a shit sib of the same 
age. It is apparent that the number of 
plastids has been greatly reduced. The 
plastids remaining are much reduced in 











*Paper No, 168, Department of Plant Breeding, Cornell University, Ithaca, New York. 
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LEAVES FROM MATURE SLIT PLANTS 
Figure 26 


The left-hand leaf represents an extreme expression of the character; the hight-hand leaf 
more nearly the average. 
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PLASTIDS LACKING 


Figure 


Slit-lLeaved Maize 


IN CELLS OF 
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SLIT-LEAVED PLANTS 


27 


Illustrations of mesophyll cells from the leaves of young plants showing the normal 


condition (A), the decrease in number and size 
plastids in slit-leaved plants. 
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size. Figure 27C shows a cell almost 


completely disintegrated. Only a small 
remnant of the cell contents remains. 


Linkage Relations of the sb Factor 


Counts on cultures segregating for 
the sht blade gene and standard link- 
age tester characters show that the slit 


blade factor is located in the Y-Pl 
linkage group. A summary of avail- 


able data involving ‘sb and other fac- 
tors in the Y-P/ group is given in 
Table I. The first indication of link- 
age of the slit blade gene was with a 
tactor for male sterility. The data 
enable one to calculate a recombination 
value of about 10 per cent for these 
two genes. It was later found that the 


leaf 





(B) and the ultimate disappearance (C) otf 


PLASTID-FREE CELLS 


Figure 28 


ec *—_ “- 
yt Photo-micrograph of a trans- 
. verse section through the leat 
res of a young slit plant showing 
‘ai the disappearance of plastids 
wre < in the region affected by the 
, slit blade gene. Photograph 

by M. Gordon. 

male-sterile gene involved was _ rather 
closely linked with the Y factor for 


endosperm color. Data obtained were 
in the repulsion phase and do not en- 
able one to calculate accurately a re- 
combination value. Using the coeffi- 
cient of association as a means of cal- 
culating recombination percentage, one 
obtains a value of 19 per cent. Jones?* 
has data showing a very close linkage 
between a male-sterile ‘factor and the Y 
factor. It seems probable that the 
male-sterile involved in the material 
under discussion might be genetically 
similar to the one shown by Jones to be 


linked with Y. The genetic relations 
between these two factors for male 


sterility are being tested. 
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The }° factor and sb appear to be 
more loosely linked than sb and the 
male-sterile factor concerned. A cal- 
culation from repulsion I's data gives 
a recombination value of about 38 per 


cent. The data involving Y and_ sb 
are not entirely satisfactory. As _ is 
often the case with recessive factors, 


sb is deficient. Backcross data involv- 
ing Pl and sb in the coupling phase are 
available. These data suggest that the 
two genes involved are inherited inde- 
pendently. This is to be expected if 
the order of the genes is sb-Y-P1. 


Data arranged so as to enable one to 
compare the linkage intensity between 
Y’ and Pl and that between ms and P/ 
are inconsistent and do not enable one 
to determine the order of these genes. 


The available data as summarized in 
Table | suggest that the order of the 


Summary 

\ recessive factor in maize called 
sht blade, with the symbol xs) is 
described. 

It is shown that slit blade is charac- 
terized by a decrease in size and ulti- 
mate disappearance of the plastids in 
certain longitudinal regions between 
the main vascular bundles of the leat. 
Nuclear disintegration follows and the 
tissues made up of the dead cells are 
often mechanically torn. 

The sb gene lies in the }’-?/ chro- 
mosome, some distance to the left of Y. 
The order of the genes 1s sb-)'-PI. 
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TABLE I— Data Showing the Linkage Relations of the Character Slit Blade 
































Genes” Number of individuals Percentage | Percentage 
- Pollination and of totel nt Ap 
5 it linkage phase XYi;Xyi;xyYi{x y| Total x y nations** 
Ms| Sb Self Coupling 530 al 54 | 136 741 25.6 | 21.2 10 
Y |Ms Self Repulsion $235 | 137 | 120 4 584 21.2 | 24.1 19 
sb | self Repulsion | 3%7| 99/114| 14| 574 | 22.3 |19.7 38 
P1| Sb Backcross Coup. 91 76 76 65 508 45.8 | 45.8 49 
Pl Ms 1 Ms 
on =e x a 66| -8| 66] 26| 166 | 55.4 | 20.5 29 
Self Coupling 127 36 32 20 215 24.2 | 26.0 39 
Y 1 Y 1 
o~ tn <— $F x +—tr 48| 77| 26| 15] 166 | 24.7 | 55.4 31 
Self Repulsion 117 52 45 1 215 21.4 | 24.7 15 



































* X and Y represent the dominant allelomorphs of the genes listed in 


columns 1 and 2, respectively, while x and y represent their corres- 
ponding recessive allelomorphs. 





** Percentage recombinations calculated by means of the coefficient of 
association and given to the nearest whole number. 
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